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MEMORANDUM  THRU  Director,  Edg^wood  Chemical  Biological  Center  (ECBC)  (Mr. 
RDCB-D/Mr.  Joseph  Wienand),  51£oBlackhawk  Road,  Aberdeen  Proving  Ground,  MD 
21010-5424 


MEMORANDUM  FOR  Office  of  the  Chief  Counsel,  US  Army  Research,  Development 
and  Engineering  Command  (RDECOM)  (AMSRD-CCF/Ms.  Kelly  Knapp),  3071 
Aberdeen  Boulevard,  Aberdeen  Proving  Ground,  MD  21005-5424 

SUBJECT:  Freedom  of  Information  Act  (FOIA)  FA-13-0097 


1 .  The  purpose  of  this  memorandum  is  to  recommend  the  release  of  information  in 
regard  to  RDECOM  FOIA  FA-13-0097. 

2.  The  ECBC  received  RDECOM  FOIA  Request  FA-13-0097  from  Ms.  Kelly  Knapp, 
RDECOM  FOIA  Officer.  The  original  request  was  from  Mr.  Scott  Macintire. 

3.  Subject  Matter  Experts  from  ECBC  reviewed  the  requested  document,  AD-E472 
718,  which  is  a  Technical  Report  authored  by  B.G.  Macintire  in  July  1935.  The 
document  entitled,  155-MM  Shell  MK II  (HOW),  HS-FILLED:  Serviceability  of  War 
Reserve  Shell  and  Quantities  of  Ammunition  Required  to  Produce  50%  Casualties  on 
Personnel,  is  Unclassified  and  has  been  deemed  suitable  for  release.  The  current 
distribution  is  “DoD  Components  Only,”  but  a  request  has  been  forwarded  through  the 
Defense  Technical  Information  Center,  which  requests  the  distribution  to  be  changed  to 
Distribution  Statement  A  -  Approved  for  public  release,  distribution  unlimited. 

4.  The  point  of  contact  is  Mr.  Ronald  L.  Stafford,  ECBC  Security  Specialist,  at  410-436- 
6810  or  ronald.l.stafford.civ@mail.mil. 
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1*  Object. 


The  object  of  the  work  described  in  this  report 
was  to  determine  if  the  HS -filled  155-mo*  howitzer  shell  in  War 
Reserve  are  servioeable  and,  if  so,  the  number  required  to  produoe 
50 %  casualties  among  personnel  exposed  on  the  target  on  which  they 
burst. 


2,  Results. 

The  results  of  the  ten  tests  conducted*  in  which  596 
shell  were  fired  (274  for  offset)*  are  shown  in  the  following  tablet 
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*In  open  country  near  target  the  wind  velocity  was  4.0  nup.h. 

**0nly  slight  drift  in  open  country  near  target,  same  as  on  target  in  woods. 

***Total  exposure  period  was  about  25  min.  including  the  firing  period. 

****Shell  required  per  100-yd.  sq.  is  the  number  required  to  produoe  50%  casualties  among  personnel 
exposed  to  the  fire. 


Of  the  596  shell  fired,  110,  or  approximately  18. 6$,  produced  low* 
order  bursts  or  were  duds. 

5.  Conclusions . 


It  is  concluded  that* 

a.  When  the  HS -filled  155-zam,  howitzer  shell  now 
in  War  Reserve  are  equipped  with  the  Mk.  Ill  fuse  and  fired  for 
impact  burst  at  a  range  of  about  6,200  yd,,  approximately  18$  of  the 
shell  nay  be  expeoted  to  be  duds  or  produce  low-order  bursts. 

b.  The  shell  represented  by  those  tested  should  be 
retained  for  future  service  use. 

c.  The  following  number  of  shell  per  100-yd.  sq.  are 
required  to  produce  50$  casualties  when  personnel  is  protected  by 
gas  mask  only,  the  shell  are  fired  when  the  temperature  is  above 

59 °F.  and  the  wind  is  not  appreciably  above  5  m.p.h.  on  the  impact 
area: 

(1)  When  fired  within  the  period  between  one 
hour  after  sunrise  and  one  hour  before  sunset  -  about  20  shell, 

(2)  When  fired  within  the  period  between  one 
hour  before  sunset  and  one  hour  after  sunrise  -  about  10  shell, 

d.  The  following  number  of  shell  per  100-yd,  sq,  are 
required  to  produoe  50$  casualties  when  personnel  is  protected  by 
gas  mask  and  standard  impregnated  clothing  and  the  temperature  is 
above  the  freesing  point  of  HSs 

(1)  Under  normal  soil  conditions  -  about  38  shell. 

(2)  When  the  surface  soil  is  dry  end  sandy  - 

over  100  shell. 

4.  Recommendations. 

It  is  recommended  thati 

a.  The  remaining  HS-filled  155-mm.  howitzer  shell 
in  War  Reserve  be  retained  for  servioe. 


b,  A  test  be  conducted  using  HS^fillsd  165-ian, 
howiteer  shell  seating  present  standard  specifications  for  the 
purpose  of  comparing  the  casualty-producing  effects  with  those 
obtained  in  the  tests  covered  by  this  report* 
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Shell.  Tests  E  to  I  Inclusive. 


Howitzer 
Year  1933. 


155-vdu  SHELL  MX.  II  (HCW.  ),  HS-PILLED  i 
SERVICEABILITY  OF  WAR  RESERVE  SHELL  AMD  Q^TITIES  OF 
AJflgjfHITIOS  HEqfok)  TO  «BOPtfctf"’B5jC  CASUALTI^'dii  FEkSOBSEL. 


I.  IITBODPCTIOH. 


The  objeots  of  the  teste  desoribed  1a  this  report 
were  as  follows* 

1*  To  determine  if  the  H8-filled  166-mn.  howl tier 
shell  1a  War  Beserre  at  Bdgewood  Arsenal  are  serviceable* 

-  2*  To  determine  the  number  of  shell  required  to 
produee  60jC  casualties  among  personnel* 

This  work  was  authorised  in  the  project  program  under 
project  06,  item  2,  for  the  fiscal  year  19S2  and  project  A  1.1-lb, 

“155-jsn.  Shell  Mil,  (How.),  HS-Filled*,  for  the  fiscal  years  193S  and 
1954*  It  was  a  joint  Chemical  Warfare  Servioe-Ordnanoe  Department 
projeot  and  is  covered  by  Ordnance  Commit tea  Minutes,  Item  9241. 

The  shell  used  in  the  tests  were  BS*filled,  Mk*  II, 

155— su.  howl tier,  taken  from  the  stook  in  War  Beserve  at  Bdgewood  Arsenal* 
The  boosters  in  a  large  percentage  of  the  shell  were  not  fully  assembled 
and  it  was  questioned  if  they  would  funotion  properly.  The  condition 
of  this  ammunition  is  given  in  a  memorandum  of  May  4,  1981,  from  the 
offioe  of  the  Chief  of  Ordnance  to  Chief,  Chemical  Warfare  Service, 
subject*  Gas  Shell  on  Hand  at  Bdgewood  Arsenal,  rnhioh  is  quoted 
in  part  below* 


"1*  Following  are  the  contents  of  a  memorandum  prepared 
by  the  Surveillanee  Section,  Field  Service,  relative  to  chemical 
ammunition  at  Bdgewood  Arsenal* 

'There  are  in  stock  at  Bdgewood  Arsenal  7,228  shell,  gas, 
HS,  Mk.  II,  for  15 R' nai, howl tier,  27  shell,  gas,  FM,  Mk.  II,  for  156-mm. 
howitser,  48  shell,  gas,  CG,  Mk.  II,  for  156aeaa.  howitser.  Many  of 
the  boosters  in  these  shells  are  not  fully  assembled.  There  are  too 
many  threads  exposed.  The  Ordnanoe  Off ioer,  Bdgewood  Arsenal,  states 
that  he  considers  these  shells  unserviceable  .  *  *  *  *  •  Should 
the  above  ammunition  be  retained  in  stoek  as  War  Beserve,  or  should  it 
be  disassembled  and  the  serviceable  components  recovered?' 


****** 

"3*  With  referenoe  to  the  156-om.  shell  in  whioh 
the  boosters  have  insufficient  threads  engaged,  it  nay  be  practicable 
to  sinply  disassemble  these  boosters  and  assemble  new  boosters  without 
disturbing  the  filling.  It  is  not  known  whether  the  difficulty  is 
due  to  the  booster  being  oversise  or  the  shell  being  underaise.  If 
due  to  the  latter,  it  will  be  necessary  to  prepare  special  undersited 
boosters  to  fit  the  shell  in  question. 

"4.  Action  through  the  Ordnanoe  Committee  will  be  taken 
upon  reoeipt  of  information  from  the  Chemioal  Warfare  Service." 

The  1st  indorsement,  dated  June  8,  1931,  from  the 
Commanding  Offloer,  Edgewood  Arsenal,  to  the  Chief,  Chemical  Warfare 
Servloe,  to  the  letter  (CWS  471/211,  Hay  7,  1931)  enclosing  this 
memorandum  is  quoted  below  in  part  as  follows t 

"1.  It  is  noted  that  there  are  in  stock  at  Edgewood 


Arsenal  the  following 

t 

howitser. 

a. 

7,223  shell,  gas,  HS,  Mk*  II,  for  166«m. 

howitser. 

b. 

27  shell,  gas,  FM,  ilk.  II,  for  165-nrn. 

howitser. 

£. 

43  shell,  gas,  CG,  Mk.  II,  for  165-aaa. 

with  A  and  B,  Mk. 

d. 

78,634  shell,  gas,  EC,  unfixed,  CS,  Mk.  II 
for  76-mn.  gun. 

"2.  This  office  has  no  information  that  the  fillings 
for  any  of  the  above  shell  are  less  serviceable  than  when  they  were 
placed  in  War  Reserve  or  that  any  more  serviceable  fillings  have  been 
added  for  War  Reserve  for  their  replacement.  It,  therefore,  knows  of 
no  teohnioal  reason  why  any  substantial  portion  of  the*  should  be 
removed  from  War  Reserve  except  for  the  necessary  tests  to  obtain 
important  teohnioal  information  as  to  their  performance. 

****** 

"6.  Information  is  not  available  as  to  the  efficiency 
of  the  shell,  gas,  HS,  Mk,  II,  for  166-mau  howitser,  referred  to,  as 
these  shell  are  probably  assembled  with  both  long  and  short  type  Mk.  TIB 
boosters,  and  since  there  are  no  indication  markings  as  to  length  of 
booster,  the  burster  charge  of  each  shell  is  unknown. 
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”7*  Plans  under  Project  05  during  the  calendar 
year  1952  oontwplate  field  tests  with  HS-filled  155-sow  howitser 
shell  to  determine  the  quantity  of  this  standard  ammunition  required 
to  set  up  an  effective  field  concentration*  It  is  possible  that* 
despite  the  uncertainty  as  to  the  sise  and  shape  of  burster  charge* 
the  155 —»  howitser  shell  referred  to  in  the  basic  communication  can 
be  used  for  this  purpose*  It  is*  therefore*  recommended  that  200 
of  these  shell  and  50  additional  boosters*  Mk«  TIB*  present  standard* 
of  known  capacity  be  made  available  for  examination  and  firing  test  to 
determine  whether  this  lot  of  shell  is  suitable  for  use  in  tests  during 
the  oalendar  year  1952*  It  is  desired  to  conduct  this  preliminary  test 
on  August  11*  1952* 

*8*  The  tests  contemplated  with  approximately  500  of 
these  shell  during  the  calendar  year  1952  would  determine  the  effieienoy 
of  this  lot* 


The  use  of  shell  from  the  supply  in  War  Reserve  was 
authorised  in  the  3rd  indorsement  dated  Oct*  22*  1951*  from  Ordnance 
Office*  Washington*  D. C.*  to  Ordnance  Officer*  Edgewood  Arsenal* 
file  CWS  471/211*  which  is  quoted  in  part  as  follows: 

”1*  You  are  authorised  to  turn  over  to  the  Chenioal 
Warfare  Ssrvioe  60  10e*  TIB  adapters  and  boosters  and  200  shell*  Oas* 

HS,  10c*  II*  for  156-am*  howitser  for  firing  tests*  Shells  used  in 
the  firing  tests  will  be  fused  with  serviceable  10c*  III  P*D.  fuses. 

The  functioning  of  the  shell  will  be  observed  and  reported  to  this 
office*  e  e  e  e  e  if  these  shell  are  found  to  be  satisfactory 
for  an  effective  field  concentration  test*  you  will  be  authorised  to 
issue  an  additional  600  upon  request* 

*  *  *  *  *  * 

”5*  It  is  requested  that  you  submit  a  proposed  program 
of  test*  giving  ranges  or  sones  at  which  these  firings  will  be  con¬ 
ducted  in  order  that  the  proper  powder  charges  can  be  furnished*  and 
also  what  information  is  desired*  Upon  receipt  of  this  program* 
it  will  be  incorporated  in  an  Ordnance  Committee  Item  on  War  Reserve 
Tests* 

”4*  In  view  of  the  questionable  serviceability  of  the 
155-mm*  shells*  adequate  safety  precautions  will  be  taken  to  prevent 
injury  to  personnel  in  case  a  malfunction  ooours  in  the  firing** 


The  lot  numbers  of  the  shell  to  be  tested  end  other 
information  is  given  in  the  5th  indorsement  dated  Jan.  4.  1932,  from 
the  Commanding  Officer,  Edgewood  Arsenal  to  Ordnanee  Officer,  Edgewood 
Arsenal,  file  EA  471/122,  EO  471.1/698,  as  followsi 

"1.  An  investigation  reveals  the  following  facts  t 
"a.  Material  for  Testi 

There  are  4  main  lots  of  the  166-am.  howitxer  (HS) 
shell  distributed  as  follows t 


Lot  MA  36-1-13 
Lot  36-1-14 
Lot  MA  36-1-16 
Lot  3060-1 


4979  shell 
345  shell 
988  shell 
911  shell 


There  is  data  available  only  on  Lot  MA  36-1-13,  Which 
shows  they  were  loaded  in  1921  and  assembled  with  Mk.  TIB  boosters. 

These  boosters  in  most  instances  are  not  fully  assembled. 

"b.  Previous  Tests i 

One  local  test  was  conducted  at  Edgewood  Arsenal,  using 
a  small  quantity  (number  not  determined)  of  shell  from  Lot  MA  35-1-13 
for  the  purpose  of  determining  the  quantity  necessary  to  produoe 
casualties  from  the  HS  content  when  fired  statically. 

"c.  Historical i 

These  shell  were  taken  from  the  Chemical  Warfare  Servioe 
with  the  establishment  of  the  Ordnance  Offioe  at  Edgewood  Arsenal  in 
Maroh,  1923.  When  the  HS  oontent  of  the  shells  was  tested  for 
evidence  of  deterioration  in  1924,  no  deterioration  was  noted. 

"2.  The  object  of  this  test  is  to  determine  if  the 
stocks  of  these  shell  on  hand  are  satisfactory  for  further  tests  involv¬ 
ing  the  determination  of  effective  field  concentrations  of  HS. 

”3.  It  is  reoommended  that  - 

"a.  Thirty-six  shell  pioked  at  random  from  each 
of  the  four  lots  referred  to  be  fired  at  a  range  of  not  less  than 
4800  ya,rds. 
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"b.  All  personnel  engaged  in  firing  to  be 
supplied  with  sufficient  protective  clothing,  and  all  firing  to 
be  from  barrioades,  firing  with  lanyard,  and  the  gun- crews  under 
cover. 


"o.  A  record  be  kept  of  eaoh  round  showing 
whether  a  dud  or  a  burst  and  the  order  of  burst,  together  with  position 
of  the  booster  with  respect  to  the  shell,  i.e.,  whether  the  booster 
was  not  fully  assembled,  and  the  number  of  threads  showing  or  whether 
the  booster  had  been  assembled  too  far  in,  with  the  depth  below  normal 
stated* 


”d.  Only  in  case  the  firing  above  recommended 
results  in  an  excessive  number  of  duds,  13  shell  from  each  of  the  2 
largest  lots  to  be  re-boostered  and  fired  under  the  same  conditions 
as  the  first  firings* 

"e.  Based  upon  the  results  obtained,  a  report  of 
the  test  in  detail  be  prepared  together  with  a  recommended  program  for 
the  remainder  of  the  shell  to  be  tested* 

ttf.  The  Chemical  Warfare  Service  to  take  the 
necessary  stepa  to  determine  the  distribution  of  HS  due  to  burst  of 
the  shell* 


"g.  The  test  here  proposed  to  be  oonduoted  before 

Mar.  1,  1932." 

H ♦  HISTORICAL. 

The  physical,  chemical  and  physiological  properties  of 
HS  and  its  use  in  the  World  War  are  thoroughly  discussed  in  E.A.C.D.  462, 
dated  Apr.  26,  1928,  by  Walker*  The  use  of  HS  in  the  World  War  is 
also  discussed  in  the  two  following  reports i 

E*T.F*  660  G-90,  Gas  attacks  upon  the  American  Front 

in  France,  1918. 

E.T.F.  661-2,  May  31,  1932,  by  Lt.  Col,  Avery,  A  Study 

of  the  Use  of  Chemicals  by 
Artillery  During  the  World  War, 
and  Possible  Future  Usee* 

There  are  no  reoords  of  previous  tests  in  whioh  HS-filled 
166-mm.  shell  were  fired  from  howitzers  at  Edgswood  Arsenal,  but  some 
tests  were  oonduoted  in  which  shoh  shell  were  fired  statically.  In 
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the  following  reports,  tssts  are  outlined  In  whioh  HS-filled  166-saa. 
howitter  shell  equipped  with  the  Mic.  V1B  booster  were  fired  statically, 
and  the  effeotlveness  of  the  gas  oonoentratlon  set  up  was  determined 
by  means  of  animals  and  vapor-sampling  machines i 

E.T.F.  111.4-10,  dated  October,  1926. 

Results  of  four  tests  are  given.  In  three  of  these  tests  the  HS  was 
sprinkled  by  means  of  sprinkling  cans  and  in  the  fourth  test,  the  HS 
was  put  down  by  the  static  burst  of  155-mm.  shell. 

A  teat  was  conducted  on  May  1,  1928,  in  whioh  11  shell 
were  used.  The  results  of  this  test  are  given  in  the  two  following 
reports  t 


E.A.M.R.D.  87,  dated  May  4,  1928,  by  Armstrong. 

E.A.C.D.  467,  dated  April,  1929,  by  Smith. 

Calculated  figures  of  the  number  of  HS-filled  6-in. 
howitter  shell  required  to  deny  an  area  to  troops  are  given  in  G— 2 
report,  E.T.F.  660  E-170,  Artillery  Gas  Shell  Fire  Data  from  Great 
Britain. 


The  following  tests  conducted  at  Edgewood  Arsenal  are 
of  interest  in  that  HS  was  usedt 

Tests  in  whioh  HS  was  laid  down  with  the  use  of  sprinkling  cansi 

E.A.M.R.D.  47,  September  16,  1925,  by  Eldridge. 

E.T.F.  111.4-10,  August  and  October,  1926. 

E.A.M.R.D.  66,  Deosmber  91,  1926,  by  Eldridge. 

E.A.C.D.  462,  April  26,  1926,  by  Smith. 

Tests  in  which  HS  was  laid  down  by  the  statio  burst  of 

7 5 - mm.  shell  or  bottles  containing  HSt 

E.A.M.R.D.  66,  December  31,  1926,  by  Eldridge. 

E.A.M.H.D.  84,  November  30,  1927,  by  Armstrong. 

E.A.M.S.D.  93,  May  11,  1928,  by  Armstrong. 

E.A.C.D.  462,  April  26,  1928,  by  Walker. 

E.A.M.E.D.  95,  June  12,  1928,  by  Armstrong. 

E.A.C.D.  467,  April,  1929,  by  Smith. 

Tests  in  whioh  HS  was  laid  down  by  burst  of  HS-filled 

7 6 - mm.  shell  fired  from  servioe  weapons i 


E.A.M.R.D.  100,  July  20,  1928,  by  Armstrong. 
E.A.M.R.D.  104,  Sept,  5,  1928,  by  Armstrong. 
E.A.T.R.  56,  Mot,  5,  1951,  by  Maointire. 

E.A.T.R.  60,  Jan*  T,  1932,  by  Linthioun. 

E.T.F.  11.4-19,  Sept,  15,  1932*  A  compilation  of 
results  frost  some  of  the  ebOTe  reports  by  Obtain  Barker, 

Miscellaneous  tests  in  whioh  HS  was  usedt 

E.A.M.R.D.  68,  Jan,  6,  1927,  by  Eldridge, 

Dots ruination  of  Effectiveness  of  Chlorine 
as  an  Agent  to  Destroy  HS  In  the  Pleld, 


III,  THEORETICAL. 

In  order  for  the  shell  to  be  satisfactory,  there  should 
not  be  any  premature  bursts  and  the  number  of  duds  on  inpaot  should  not 
be  abnormally  large.  The  burst  of  the  shell  on  lnpaet  should  be  of 
a  sufficiently  high  order  to  distribute  the  major  portion  of  the  liquid 
HS  in  the  shell  on  the  surfaoe  of  the  ground. 

Casualties  are  produoed  by  effeots  of  HS  Tapor  and  by 
ef foots  of  liquid  HS.  If  a  sufficiently  high  Tapor  conoentration  is 
set  up,  casualties  may  be  produced  by  respiratory  effects  where  personnel 
are  not  protected  by  gas  mask,  and  by  Tesieant  effects  when  personnel 
are  proteotsd  by  gas  mask  but  not  protected  by  impregnated  clothing*  If 
personnel  are  protected  by  gas  mask  and  standard  issue  of  impregnated 
clothing,  casualties  from  HS  can  only  be  produoed  by  HS  liquid  drops  of 
sufficient  site  to  penetrate  the  impregnated  clothing, 

IT.  KXFBRIMKMTAL. 

The  details  of  the  ten  tests  oondueted  and  results  obtained 
are  given  in  the  test  reports  attached  to  the  present  report.  The  ten 
tests  oonslsted  of  a  preliminary  test  in  which  133  shell  were  fired  to 
determine  the  percentage  of  normal  bursts  on  impact,  and  nine  additional 
tests  in  which  a  total  of  463  shell  were  used  (189  for  adjustment,  274  for 
offset),  to  detemdne  the  number  of  shell  required  to  produce  60ft  casualties 
among  personnel,  when  fired  under  different  terrain  and  meteorological 
conditions. 


A.  How  the  Test*  were  Conducted 


In  all  teste,  the  shell  were  fired  by  the  Sixth  Field 
Artillery*  In  the  preliminary  tests  the  shell  were  fired,  one  at 
a  time,  for  impact  in  open  area  at  a  range  of  about  5,200  yd*,  and  the 
numbers  of  normal  bursts  were  noted  by  observation  from  a  tower* 

In  eaoh  of  the  nine  tests  which  followed, the  shell  were 
fired  at  a  range  of  about  5,200  yd*  for  impact  on  a  target  100  yd* 
wids  by  200  yd*  long.  The  target  was  prepared  by  marking  its  four 
oorners,  and  placing  on  its  area  paper  panels  or  silhouettes,  vapor* 
sampling  machines  and  animals*  The  paper  panels  or  silhouettes,  used 
to  show  distribution  of  liquid  HS,  were  plaoed  at  10-yd,  intervals  over 
the  target.  Vapor-sampling  machines  were  plaoed  at  nine  positions 
on  the  target  and  at  nine  positions  50  yd.  outside  of  the  target* 

Animals,  consisting  of  goats  and  rats,  were  plaoed  at  20-yd.  intervals 
over  the  entire  target*  Chart  1  attaohed  to  each  test  report  shows 
the  positions  of  the  panels,  vapor-sampling  machines  and  animals  on 
the  target  as  prepared  for  eaoh  test* 

The  shell  were  fired  by  a  battery  of  four  howltsers  which 
were  adjusted  with  the  use  of  20  to  40  shell  directed  at  a  position 
outside  of  the  target.  After  adjustment,  fire  was  directed  on  the 
target  and  the  shell  for  effect  were  fired  as  rapidly  as  practicable. 

In  tests  in  which  the  target  was  looated  in  open  area  fire  was  direoted 
for  equal  distribution  of  bursts  over  the  target  by  the  battery  oommander, 
who  was  located  on  an  observation  tower  on  one  flank  of  the  target* 

In  tests  in  whioh  the  target  was  in  woods,  the  shell  were  fired  for 
impact  on  its  short  axis. 

The  animals  were  exposed  on  the  target  for  a  period  of  about 
25  min* ,  whioh  included  the  firing  period*  Vapor  samples  were  taken 
at  sampling  positions  during  the  period  animals  were  exposed,  snd  in 
most  tests  for  additional  periods  following  the  removal  of  the  animals 
from  the  target*  After  firing  the  shell,  the  paper  panels  or  silhouettes 
were  collected  and  graded  for  sise  of  HS  drops  and  density  of  liquid 
pattern,  and  the  positions  of  impacts  were  looated  and  charted* 

In  some  tests,  to  determine  persistence  of  HS  on  the  target, 
vapor  samples  were  taken  at  sampling  positions  on  the  day  following  the 
firing  of  the  shell,  and  in  all  tests  animals  were  exposed  in  shell 
oraters  for  ona  or  more  2 4- hr.  periods,  whioh  varied  in  the  individual 
tests  from  a  few  days  after  firing  the  shell  to  17  days  after* 


The  number  of  dude  was  noted  by  observation  from  a 
tower  on  one  flank  during  firing  in  tests  in  whioh  impact  was  in 
open  area.  Zn  tests  in  which  the  target  was  located  in  woods, 
duds  were  determined  by  examining  the  orater  produced  by  each, 
impact  for  HS  odor. 

B.  How  Data  were  Interpreted  in  Terms  of  Man  Casualties. 

1.  Paper  Panels  and  Silhouettes. 

The  effectiveness  of  the  liquid  HS.  as  registered  on 
paper  panels  or  silhouettes. is  dependent  on  the  else  of  the  HS  drops 
and  the  density  of  the  pattern  produoed  by  the  fine  drops. 

a.  For  Personnel  Protected  by  Qas  Mask  and 
impregnated  clocking. 

The  panels  or  silhouettes  showing  HS  drops  of  0.6  mg. 
or  more  were  tabulated  and  man  casualties  were  estimated  as  follows, 
for  man  protected  by  gas  mask  and  standard  issue  of  impregnated 
do  thing  i 

HS  drops  0.5  to  1.0  mg*  in  sise  -  4 <#  casualties. 

HS  drops  over  1.0  mg.  in  sise  -  100J&  casualties* 

These  figures  are  based  on  the  results  of  laboratory 
tests  given  in  E*A*T.R.  100. 

b*  For  Personnel  Protected  by  Gas  Mask  and  Non- 
imp  re  gnat'ed  Clothing. 

All  paper  panels  or  silhouettes  were  tabulated  for 
pattern,  using  the  gradings  heavy,  medium,  light  and  traoe,  as  given 
on  pattern  soale  accompanying  this  report.  From  the  results  of 
laboratory  tests  given  in  memorandum  of  Oct.  22,  1931,  to  the  Chief, 
Engineering  Division  from  the  Chief,  Protective  Development  Division, 
it  was  estimated  that  personnel  protected  by  gas  mask  and  standard 
issue  of  nonimpregnated  clothing  would  experience  casualties  as 
followst 


Pattern  on 

t Casualties 

i 

of  HS  liquid  through  standard  issue  of  non- 
impregnated  clothing 

i 

H  -  heavy 

t 

100 

M  -  medium 

i 

100 

L  -  light 

i 

80 

T  -  trace 

t 

60 

2.  Casualties  Based  on  HS  Vapor. 

In  tha  present  »port,  respiratory  effeots  of  HS  vapor 
on  man  were  not  considered,  as  estimated  casualties  in  all  tests  were 
based  on  man  protected  by  gas  mask.  The  vesicant  effects  of  HS  vapor 
were  considered  for  man  without  protection  of  impregnated  olothing. 

In  estimating  vapor  casualties  due  to  vesicant  effeots,  the  valuation 
ourve  on  Graph  1,  attaohed  to  this  report,  was  used.  The  points 
on  this  ourve  are  based  on  the  o.t.  value,  which  is  the  produot  of 
vapor  concentration  in  milligrams  per  liter  and  the  exposure  period 
in  minutes.  Points  on  this  ourve  are  plotted  from  data  given  in 
Pharmaoologioal  Report  No,  318. 

3,  Casualties  Baaed  on  Effeots  on  Animals, 


Ajpter  the  animals  were  removed  from  the  target,  they  were 
plaoed  under  observation  for  a  period  of  three  weeks,  Man  casualties 
were  estimated  from  the  effeots  on  animals  on  the  basis  of  (1)  all 
deaths  from  gas  or  shell,  end  (2)  all  skin  lesions.  All  other  animal 
casualties  were  disregarded  and  are  not  given  any  weight  in  figuring 
the  effectiveness  of  the  gas  concentration  set  up. 

4,  Shell  Required  for  Effective  Results. 

The  number  of  shell  required  to  produoe  50^  casualties 
was  figured  from  the  results  of  each  test  for  personnel  protected  by 
gas  mask  only  and  for  personnel  protected  by  gas  mask  and  standard 
impregnated  olothing. 

In  figuring  the  number  of  shell  required  for  personnel 
proteoted  by  gas  mask  only,  an  average  was  taken  of  the  number  of 
shell  required  based  on  sample  data  and  on  animal  data. 

For  personnel  proteoted  by  gas  mask  and  standard  impregnated 
clothing,  the  number  of  shell  required  was  figured  from  panel  data  only. 


6.  Effective  Gm  Concentration 


In  tha  praaant  report,  a  gas  concentration  is  considered 
effective  when  60$  casualties  are  produced  among  personnel  on  exposure 
to  the  gas  for  a  period  of  about  26  aim.  A  a tan  is  considered  a  oasualty 
when  the  injury  is  sufficiently  severe  to  noraally  require  evacuation 
for  hospitalisation* 

C.  The  Percentage  of  Normal  Bursts. 

The  nuabersof  normal  bursts  in  each  of  the  tests  conducted 
are  summarised  in  Table  1,  which  follows*  The  total  number  of  shell 
given  for  each  test,  represents  shell  used  for  adjustment  as  well  as 
those  used  for  effect. 


Table  1. 

Number  of  Normal  Bursts  in  Each  Test 


Test  < 

< 

Total  shell  used 

i  Duds  or  low- 
i  order  bursts 

Prelimin¬ 
ary.  * 

133 

< 

<  in 

< 

i  22 

A  > 

“  52 

i  8 

B  i 

80 

i  69 

i  11 

C  i 

6$ 

t  67 

t  a 

D  i 

47 

< 

1  I2~ 

E  t 

3d 

t  tz 

<  6 

1  9  i 

3$ 

t  si 

i  7 

G  t 

46 

__  ™ 

<  8 

H  t 

40 

<  24 

<  16 

I  < 

SO 

i  42 

<  8 

Total  t 

6d$ 

T  4§6 

*  110 

The  results  given  in  Table  1  show  that  about  81.6$ 
of  the  shell  fired  produced  normal  bursts. 

None  of  the  shell  used  in  the  tests  burst  prematurely. 

D.  The  Number  of  Shell  Required  for  Effective  Results. 

The  number  of  shell  required  for  effective  results 
when  personnel  are  proteoted  by  gas  mask  only  is  dependent  on  terrain 
and  meteorological  conditions.  In  the  tests  conduoted,  the  meteorological 
conditions  were  ohanged  by  conducting  tests  at  different  time  periods 


between  sunrise  end  sunset  which  included  the  periods  shout  1  hr* 
after  sunrise*  about  4  hr*  after  sunrise  and  about  1  hr*  before 
sunset.  These  periods  nay  be  oonsidered  as  being  representative 
of  day  and  night  conditions  in  that  there  are  generally  very  little 
or  no  effects  from  rising  oonveotion  air  ourrents  about  1  hr*  before 
sunset  and  1  hr*  after  sunrise  so  that  air  motion  Is  representative 
of  night.  The  tests  conducted  about  4  hr.  after  sunrise  are  represent 
tative  of  day  conditions  in  that  the  HS  vapor  is  diluted  due  to  effects 
of  rising  air  ourrents.  The  terrain  conditions  were  ohanged  by  locat- 
ing  the  target  in  open  country  in  some  of  the  tests  and  in  woods  in  the 
remaining  tests. 

A  summary  of  the  nine  tests  conducted  is  given  in  table  2 
which  follows.  The  results  in  this  table  show  that  the  number  of  shell 
required  per  100-yd *  sq.  to  produce  50$  casualties  when  personnel  are 
protected  by  gas  mask  only  varies  from  6  to  26*  depending  on  meteorological 
and  terrain  conditions*  When  personnel  are  protected  by  gas  mask  and 
standard  impregnated  clothing,  the  number  of  shell  required  per  100-yd. 
sq.  to  produoe  50$  casualties  varied  from  26  to  180.  The  great  variation 
in  the  results  was  not  due  to  meteorological  or  terrain  conditions  but 
to  the  degree  of  moisture  in  the  surfaoe  soil  on  the  target.  When 
personnel  are  protected  by  gas  mask  and  standard  impregnated  clothing* 
gas  casualties  are  only  produoed  by  the  penetration  of  liquid  HS  through 
the  impregnated  olothing.  In  tests  in  which  the  soil  was  very  dry, 
very  few  HS  liquid  drops  were  shown  on  paper  panels  distributed  over 
the  target*  due  to  the  absorption  of  a  large  peroentage  of  the  HS  spray 
by  the  heavy  dust  oloud  produoed  by  eaoh  burst* 

In  the  teets  oonducted*  there  were  5  in  which  the  soil 
was  classified  as  damp  and  whioh  show  an  average  of  58  shell  required 
to  produoe  60$  oasualties.  An  average  of  results  in  the  remaining 
four  tests*  in  whioh  the  soil  was  dry*  show  119  shell  required  to 
produoe  60 %  oasualties.  The  results  of  the  9  tests  oonducted  show 
that  when  personnel  are  protected  by  gas  mask  and  standard  issue  of 
impregnated  olothing*  about  38  shell  per  100-yd*  sq.  are  normally 
required  to  produoe  60$  oasualties*  but  when  sandy  conditions  exist 
and  the  soil  is  very  dry  over  100  shell  per  100-yd.  sq.  are  required  to 
produoe  60$  oasualties. 
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Table  2 


Summary  of  Teats  Conducted  and  Results. 


Tests  Date 

• 

• 

s 

s  Time  s  Terrain 
s  of  s 

s  day  S 

s  Soil 

s 

s 

s  Wind  s  Air 
s  to-  it amp. 
slocity i 

s  Exposure  sShell  required  per  100-yd.  sq.**** 

s  period  » Protected  by  iProteoted  by  gas  mask 

s  **★  s  gas  mask  sand  impregnated  cloth. 

wwn-i&m 

s  s 

s 

sup«hs  t 

s  s 

s 

A 

i May  23 

s9»53  a.muOpen 

s  Damp 

3*2  s 

69 

sFiring  and  following  s 

26  s 

71 

s 

s  s country 

s 

s 

slO  min.  s 

s 

~r 

tJune  11 

s9s05  a.ajDitto 

s  Dry 

5*3  s 

68 

i Ditto  s 

14  s 

~  138 

nr 

sing.  4 

s6sS5  a.maDitto 

“Hb  r 

81 

i Ditto  s 

9  s 

§4 

"IT 

wrwmv 

s5s23  p.swsDitto 

2*9  s 

83 

sDitte  s 

8  s 

130 

n&ii 

s  s 

s 

s 

s  s 

s 

E 

sMay  18 

s5s21  p.^sDitto 

s  Wet 

4*0  s 

71 

sFiring  and  following  s 

14  s 

20 

s 

s  s 

s 

s 

sl5  min.  s 

s 

~T~ 

sJune  ie 

s6  jOO  p.a*s  Ditto 

s  Dry 

2*0  s 

69 

sFiring  and  following  s 

10  s 

1z 

t 

s  s 

s 

s 

s20  min.  s 

s 

IT 

s  July  6  s 

s6  slO  p.ms  Woods 

s  Damp 

0*  s 

66 

spiring  and  following  s 

6  s 

66 

s 

s  s 

s 

s 

s22  min.  s 

s 

— 

slug.  11 

s5s46  p.%s  Ditto 

s  Damp 

0**s 

72 

s Ditto  T 

8  s 

44 

~ 

s5sl0  p«m*s  Ditto 

s  Damp 

0**s 

sPitto  s 

12  s 

61 

★In  open  country  near  target  the  wind  Telocity  was  4,0  aup*h. 

★★Only  slight  drift  in  open  oountry  near  target,  seme  as  on  target  in  woods. 

★★★Total  exposure  period  was  about  26  ain.  ineluding  the  firing  period. 

★★★★Shell  required  per  100-yd.  sq.  is  the  number  required  to  produce  50 %  casualties 
among  personnel  exposed  to  the  fire. 

Of  the  696  shell  fired  110,  or  approximately  18.5#,  produced  low  order  bursts  or  duds. 

A  summary  of  the  duds  fluid  low  order  bursts  is  giweh  in  Table  1  included  in  this  report* - 


Average  results  for  each  meteorologiesil  tnd  terrain 
condition  are  given  in  table  3.  The  results  in  this  table  show  that 
when  personnel  are  protected  by  gas  mask  only  and  the  target  is 
located  in  open  country,  the  following  number  of  shell  are  required 
per  100-yd.  sq.  to  produce  50$  casualties i 

Period  Tong*  gradient  Shell  required 

Between  1  hr.  after  sunrise 

and  1  hr.  before  sunset  Zero  About  20  shell 

Between  1  hr.  before  sunset 

and  1  hr.  after  sunrise  Inversion  About  10  shell 


Tfhen  the  target  is  located  in  woods  and  the  shell  are 
fired  between  1  hr.  before  sunset  and  1  hr.  after  sunrise,  about  9  shell 
per  100-yd*  sq.  are  required. 


Table  3. 


Results  under  Various  Terrain 
end  Meieerologioal  Conditions 


Test  t  Time  (Terrain 

i  i 

>  i 

i  i 
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i  ve»  ttsmp. 
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(  Exposure 
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( 
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The  results  in  table  3  are  based  on  tests  fired  during 
late  spring  and  summer  at  a  time  when  the  air  temperature  was  between 
59°  and  83°F.  and  the  wind  velocity  between  0  and  5.3  m,p*h,  Theoreti¬ 
cally,  if  the  air  temperature  had  been  lower  or  the  wind  velocity  higher, 
additional  shell  would  have  been  required  for  effective  results  so  that 
the  figures  given  in  table  3  only  apply  when  the  temperature  is  in  exoess  of 
69°F.  and  the  wind  velocity  less  than  5.3  m«p.h.  Under  less  favorable 
meteorological  conditions,  additional  shell  would  be  required  for  equally 
effective  results* 

The  results  in  table  3  showed  little  difference  in  the 
effectiveness  of  HS-filled  howitser  shell  when  fired  for  impact  in  woods 
and  in  open  oountiy,  under  the  same  meteorological  conditions*  This  was 
due  to  the  faot  that  in  the  tests  conducted  there  were  very  few  tree 
impaots  which  produced  air  bursts  so  that  the  only  advantage  in  woods 
in  these  tests  was  to  reduce  air  travel*  Reduoed  air  travel  results 
in  a  higher  vapor  concentration  that  persists  for  a  longer  period. 

To  obtain  most  effective  results  when  using  HS-filled 
156-am.  howitzer  shell,  whether  fired  for  impact  in  woods  or  open  oountry, 
the  time  seleoted  should  be  between  sunset  and  sunrise  following  a  warn 
day,  at  a  time  when  the  wind  velooity  is  less  than  4  m.p.h, 

E.  Persistence  of  HS  on  Target. 

In  two  of  the  tests  conducted,  vapor  samples  were  taken 
on  the  target  at  sampling  positions  on  the  day  following  the  shelling 
and  in  all  the  tests  animals  were  exposed  in  shell  craters  for  a  period 
of  24  hr.  after  various  time  periods  whioh  varied  in  the  various  tests 
from  one  to  17  days  after  the  target  was  shelled. 

Results  showed  the  presence  of  HS  vapor  on  the  target, 
on  the  day  following  shelling,  in  a  sufficiently  strong  oonoehtration 
to  prevent  the  target  area  being  oooupied  for  a  period  of  3  or  4  hr. 
by  personnel  without  complete  gas  protection.  The  gas  concentration 
was  not  strong  enough  to  require  personnel  to  mask  when  exposed  only 
for  the  short  period  required  to  cross  the  impact  areas. 

The  persistence  of  liquid  HS  in  shell  craters  is  shown 
by  animal  data  given  in  table  4,  whioh  follows.  The  results  show  that 
in  some  tests  there  were  no  animal  casualties  after  the  third  day, 
and  in  other  tests  animal  casualties  were  produced  for  a  period  in 
excess  of  17  days  after  firing  the  shell.  The  variations  in  these 
results  were  probably  due  to  the  condition  of  the  ground  at  the  time 
the  area  was  shelled  and  meteorological  conditions  whioh  followed. 

The  results  indicate  that  unless  the  HS  in  shell  orators  is  neutralized, 
casualties  may  be  produoed  if  the  impact  area  is  occupied  in  warm 

weather,  within  17  days  after  being  shelled,  by  personnel  without 
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complete  gas  protection 


Table  4. 


Persistence  of  HS  In  Shell  Craters, 


test 

1 1 

Results  of  animal  tests  on  exposure  for  a  period  of  24  hr* 

t 

Days  after  target  was  shells!  t  Did  animals  show  casualty 

i 

t  effects  -  yes  or  ne 

A 

j 

:  yes 

* 

8 

t  ne 

3 

< 

s 

«  yes 

< 

8 

>  yes 

t 

12 

t  yes 

i 

17 

*  yes 

C 

i 

2 

i  yes 

t 

6 

»  yea 

D 

* 

6 

i  he 

t 

8 

«  no 

E 

t 

4 

«  yes 

t 

10 

t  no 

F 

« 

1 

»  yes 

* 

4 

t  yes 

6 

t 

3 

s  no 

« 

6 

t  no 

a 

t 

4 

t  yes 

i 

i 

6 

i  yes 

V,  DISCUSSION. 

A.  Suitability  of  Remaining  Shell  for  Service. 

In  tests  conducted,  the  shell  showed  about  18%  duds  and 
low-order  bursts  but  there  were  no  premature  bursts  in  the  firing. 

The  number  of  duds  and  low-order  bursts  was  abnormally  large.  It  is 
understood  that  the  total  War  Reserve  of  HS-fllled  165-ram.  howitzer 
shells  in  the  continental  limits  of  the  United  States  totals  about 
6.623,  of  which  those  fired  in  these  tests  are  representative.  Sinoe 
these  are  the  only  shells  of  this  type  available  for  immediate  use  and 
they  are  apparently  not  dangerous  to  use,  they  should  be  retained  in 
the  War  Reserve. 
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Future  Tests  of  HS-Fillsd  155-am.  Howitzer  Shell# 


B* 


It  is  believed  that  a  teat  should  be  conducted  using 
156-mm.  howitzer  shell  filled  with  HS  to  oomply  with  present  standard 
specifications  to  compare  results  with  the  present  tests* 

VI.  CONCLUSIONS. 

It  is  concluded  thatx 

1*  When  the  HS-filled  156-ana.  howitzer  shell  now  in 
War  Reserve  are  equipped  with  the  Mk,  Ill  fuse  and  fired  for  impaot 
burst  at  a  range  of  about  6,200  yd.,  approximately  18$  of  the  shell 
may  be  expected  to  be  duds  or  produce  low-order  bursts. 

2»  The  shell  represented  by  those  tested  should  be 
retained  for  future  service  use. 

3,  The  following  number  of  shell  per  100«yd.sq.  are 
required  to  produoe  60$  casualties  when  personnel  are  protected  by 
gas  mask  only,  the  shell  are  fired  when  the  temperature  is  above  69°F. 
and  the  wind  is  not  appreciably  above  6  m.p.h.  on  the  impaot  areax 

a.  When  fired  withi#  the  period  between  one  hour 
after  sunrise  and  one  hour  before  sunset  -  about  20  shell. 

b.  When  fired  within  the  period  between  one  hour 
before  sunset  and  one  hour  after  sunrise  -  about  10<shell. 

4.  The  following  number  of  shell  per  100-yd.  sq.  are 
required  to  produoe  60$  casualties  when  personnel  are  protected  by 

gas  mask  and  standard  impregnated  olothing  and  the  temperature  is  above 
the  freezing  point  of  HSx 

a.  Under  normal  soil  conditions  -  about  38  shell. 

b.  When  the  surface  soil  is  dry  and  sandy  - 

over  100  shell. 

Vlli  RECOMMENDATIONS. 

It  is  reoommended  that: 

1.  The  remaining  HS-filled  15 5 -mm.  howitzer  shell  in 
War  Reserve  be  retained  for  servloe. 
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2.  A  taat  be  oonduotad  using  HS -filled  156-am« 
howitier  shall  aeeting  presant  standard  spsoifications  for  tha 
purposa  of  ooaparing  tha  oasualty-produoing  affaets  with  thosa 
obtained  in  tha  tests  covered  by  this  report. 
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REVIEWER'S  NOTE 


It  is  believed  that  tha  fundamental  data  on  which 
the  intsrprstation  of  flald  tost  results  are  based  are  insufficient 
and  unreliable  for  the  purpose  for  which  they  have  been  used  and 
that  such  data  as  exist  have  been  improperly  interpreted*  This 
applies  particularly  to  the  interpretation  of  Tapor  concentration 
data  and  panel  data*  It  is  also  hollered  that  the  assumption 
of  direot  proportionality  between  shell  bursts  and  casualties  for 
the  entire  range  between  0  and  100%  casualties  is  open  to  serious 
objection  especially  for  the  higher  percentages*  In  extenuation 
it  nay  be  said  that  reliable  and  adequate  basio  data  do  not  exist 
and  their  procurement  presents  almost  insuperable  difficulties, 
and  that  the  correct  relationship  between  shell  bursts  and  casual* 
ties,  for  the  entire  range  of  casualties*  inrolres  a  rigorous 
natheaatical  analysis  which  is  not  now  available*  In  view  of  these 
facts  it  should  be  considered  that  the  conclusions  and  recommendations 
of  this  report  are  not  adequately  substantiated* 
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Appendix  A 


Reporter  Teet  of  HS-Fllled  156-aa. 
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(February  16  end  17, 

1932.) 


Appendix  A 


REPORT  OF  TEST 
OF 

HS-FILLED  155-mm.  SHELL  FROM  WAR  RESERVE 
(February  16  and  17,1932) 


1.  Thirty-six  gas  shall,  Mk.  II,  loadad  with  HS  for  155-mm. 
howitzer,  were  taken  at  random  from  each  of  four  lots  in  War  Reserve 
to  determine  if  they  functioned  normally  when  fihed  from  service 
weapons,  for  impaot  burst,  when  using  a  range  of  about  5,000  yd. 

These  tests  were  authorised  in  the  first  paragraph  of  the  3rd  indorse¬ 
ment  dated  Ootober  22,  1931,  from  Ordnanoe  Officer,  Washington,  D.C., 
to  Ordnanoe  Officer,  Edgewood  Arsenal,  file  C.W,S.  471/211,  as  follows x 
"You  are  authorised  to  turn  over  to  the  Chemical  Warfare  Service  50 
MVI-B  Adapters  and  Boosters,  and  200  Shell,  Gas,  HS,  Mil,  for  155-mm, 
Howitzer  for  firing  tests.  Shells  used  in  the  firing  tests  will  be 
fused  with  serviceable  Mill  P,0«  fuzes.  The  functioning  of  the  shell 
will  be  observed  and  reported  to  this  offioe.  Money  value  of  ammunition 
expended  in  this  test  will  be  reported  (see  0,D.  Order  No,  8,  dated 
January  12,  1931),  If  these  shells  are  found  to  be  satisfactory  for  an 
effective  field  concentration  test,  you  will  be  authorized  to  issue  an 
additional  500  upon  request,”  Before  the  shell  were  fired,  the  distance 
the  booster  extended  from  the  nose  of  the  shell  was  measured,  and  the 
number  of  threads  exposed  on  the  boosters  was  counted,  A  few  shell 
in  each  of  the  three  lots  could  not  be  used  on  account  of  having  dis- , 
torted  adapters  whioh  interfered  with  the  assembly  of  the  fuzes.  In 
the  fourth  lot,  the  adapters  were  retapped  before  the  shell  were  taken 
to  the  field  so  that  the  total  36  shell  were  fired.  After  firing 
all  the  shell,  an  examination  of  three  duds  found  on  top  of  the  ground 
showed  that  failure  to  function  was  due  in  eaoh  case  to  a  defective 
fuse.  The  following  results  were  obtained  from  each  of  the  four  lots; 

i,  Results  of  Lot  3060-1, 

Duds  -  2,  With  4  and  6  threads  exposed  respectively. 

Low  order  of  bursts  -  3  with  3,  4,  and  7  threads  exposed. 
Normal  bursts  -  31  with  3  to  6  threads  exposed, 

b.  Results  from  Lot  35-1-14, 

Duds  -  1,  With  8  threads  exposed. 

Low  order  of  bursts  -  2  with  5  threads  exposed  each. 

Normal  bursts  -  28  with  3  to  8  threads  exposed  each. 
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Co  Raeults  from  Lot  55-l»«13. 

Duds  -  5.  With  3,  5,  6,  6,  and  7  threads  exposed 
respectively*  Low  order  of  bursts  -  3  with  3,  4,  and 
6  threads  exposed  respectively.  Normal  bursts  - 
26  with  3  to  7  threads  exposed. 

d.  Results  from  Lot  35- 1-16. 

Duds  -  4.  With  4.  4.  5.  and  7  threads  exposed 
respectively.  Low  order  of  bursts  -  2  with  4  threads 
exposed  each.  Normal  bursts  -  26  with  8  to  8  threads 
exposed. 

Tables  covering  the  results  of  all  of  the  shell  fired 
accompany  this  report. 

2.  Conclusions. 


a.  The  distance  the  booster  extends  from  the  nose  of  the 
shell  has  little  or  no  effeot  on  the  order  of  bursts 
when  not  exceeding  the  distance  equivalent  to  eight 
threads. 

b.  The  Bhell  in  War  Reserve  are  satisfactory  for  use  in 
tests  to  obtain  vapor  concentration  data  for  HS-filled 
155-ffim,  howitzer  shell. 

3.  Recommendations « 

That  in  accordance  with  request  in  the  3rd  paragraph  of 
the  3rd  indorsement  dated  October  22.  1931.  from  Ordnance 
Office.  Washington.  D.C..  to  Ordnanoe  Offioer.  E.A.,  a 
proposed  program  of  tests  of  the  remaining  600  shell  be 
prepared  to  include  object  and  rsnges.  so  that  information 
will  be  available  for  the  Ordnanoe  Department  to  furnish 
the  proper  powder  ohargee  and  so  that  the  program  oan  be 
incorporated  in  an  Ordnance  Committee  Item  on  War  Reserve 
Tests. 

b.  In  using  thsss  shell,  that  the  adapters  be  retapped 
before  the  shell  are  taken  to  the  field. 
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fable  No.  1 

afn.  Qaa.  tac  ii.  loadad  with  IS  for  155-bbu  Howitzer 
(February  17,  1032) 


Lot  3050-1 


~5B» 

of  Shall 


: 

I  Average  :  Booeter  :  Height  sThreada: Firing: 

.Raiumt  xlimt'  am*Lot  Nimbertof  Booater:XH>oeed:Aot ions  Charge: 

Burst 

Renarke* 

i  L 

:  yd.  : 

:  5100: 

mils 

400 

13857-5 

17/38 

4 

OK 

4 

OK 

i  L 

:  5100: 

400 

-5 

HAS 

6 

tt 

4 

ft 

200-yd.  short 

:  L 

:  5100: 

400 

-6 

21/38 

6 

ft 

4 

H 

:  L 

:  5100: 

400 

-5 

UA6 

6 

tt 

4 

:  L 

:  5100: 

400 

-5 

5/8 

5 

ft 

4 

:  L 

:  5100: 

400 

-6 

21/32 

6 

tt 

4 

200-yd.  over 

:  L 

:  5100: 

400 

-6 

17/32 

4 

tt 

4 

tt 

:  L 

:  5100: 

400 

-4 

5/8 

5 

n 

4 

It 

200-yd.  ever 

:  L 

:  5100: 

400 

-4 

5/8 

5 

tt 

4 

tt 

:  L 

l  5100: 

400 

-5 

1/2 

3 

»» 

4 

H 

:  L 

:  5100: 

400 

-6 

3/4 

6 

tt 

4 

tt 

:  L 

:  5100: 

400 

-5 

17/32 

4 

tt 

4 

n 

200-yd.  short 

:  L 

:  OlbO: 

400 

-5 

5/8 

5 

tt 

4 

tt 

t  L 

:  5100: 

400 

-5 

3/4 

6 

tt 

4 

tt 

l'  L 

:  5100: 

400 

-5 

5/8 

4 

n 

4 

n 

200-yd.  over 

t  L 

:  5100: 

400 

-5 

1/2 

3 

tt 

4 

tt 

:  L 

:  5100: 

400 

-5 

1/2 

3 

tt 

4 

it 

t  L 

:  5100: 

400 

-7 

liAa 

6 

tt 

4 

tt 

:  L 

:  5100: 

400 

-4 

1/2 

3 

tt 

4 

ft 

:  L 

:  5100: 

400 

-5 

9/32 

2 

tt 

4 

tt 

100-yd.  short 

:  L 

:  5100: 

400 

-6 

5/8 

5 

tt 

4 

tt 

100-yd.  over 

s  L 

:  5100: 

400 

-5 

7/8 

7 

tt 

4 

low  order 

100-yd.  over 

:  L 

:  5100: 

400 

-6 

5/8 

4 

tt 

4 

CK 

:  L 

:  5100: 

400 

-4 

5/8 

4 

tt 

4 

•ft 

:  L 

:  5100: 

400  : 

-4 

5/8 

4 

ti 

4 

If 

200-yd.  over 

:  L 

:  5100 > 

400 

-6 

21/32 

5 

tt 

4 

ft 

:  L 

:  5100: 

400:  : 

-6 

5/8 

4 

tt. 

4 

tt 

100-yd,  short 

’:  L 

:  5100: 

400 

-4 

5/8 

4 

tt 

4 

TT 

:  L 

:  5100: 

400 

-5 

5/8 

4 

tt 

4 

TT 

:  L 

:  5100: 

400  : 

-4 

1/2 

3 

tt 

4 

low  order 

:nd 

I  L 

:  5100: 

400  : 

-11 

5/8 

4 

Tt 

4 

Tt 

200-yfl.  over 

:  L-- 

j  51001 -  400  : 

-5 

llAe 

5 

Tt 

4 

OK 

:  L 

:  5100: 

400 

-6 

11/16 

6 

TT 

4 

tt 

:  L 

:  5100: 

400 

-5 

5/8 

4 

ft 

4 

dud 

:  L 

:  5100: 

400 

-5 

23/32 

6 

Tt 

4 

dud 

lOQ-yd.  short 

:  L 

:  5100: 

400  : 

-5 

1/2 

3 

Tt 

4  ' 

OK 

200-yd.  over 

1 

8 

3 

4 
0 
6 

7 

8 
9 

10 


*  Xatlnatea 


SMnw 


Shall 


ITumber  of  Threads  Exposed 


8  Dude 
3  Low  order 
31  Banel  bur  eta 


4  and  6 
7,  3,  and  4 
3  to  6 


;«1um  given  in  oolim  heeded  "Average  Slevation",  were  obtained  from  the  Battery  Commander 
Ubo.did  not  record  the  individual  elevation  aettlnga  for  eeoh  shot.  The  values  do  however, 
,  rvpreeent  approximately  the  average  elevation  for  the  lot  designated  and  at  the  time  fired. 


Table  Mo.  2 


Shall.  Gm.  II.  Loaded  with  HS  for  155 -cm.  Howitzer 
(Feferuery  17,  1933)  “ 


Lot  35-1-14 


Xtahes  t  Zone  :  ;  'ivsmae  :  Booster  :  Height  -.Threads 

aC  ShellilelAtiSancaiXlevatlaiiiLot  NwBber:of  Booetar:Eraosed 

Siring 

Action 

Charge 

Burst 

Remarks  • 

s  yd.  <  bus  > 

1  :  3  >8100  i  80S  :  13857-  :  85/38  8 

OK 

4 

Bud 

8  t  8  :8160  i  M  :  -5  t  7/8  8 

it 

4 

OK 

8  i  8  iBIOO  >  396  >  -1:5/8  5 

ii 

4 

Low  order 

4  >  3  <8X00  «  806  :  81/38  5 

8  :  3  :8i00  t  806  :  -5:1/8  4 

ii 

ti 

4 

4 

OK 

n 

6'  :  8  :5100  :  806  :  -5  :  13/88  :  3 

n 

4 

n 

7  :  3  :5100  :  806  :  -4  :  17/38  4 

ii 

4 

n 

0  :  8  :6100  :  396  :  -6:5/8  5 

n 

4 

Low  order 

100-yd.  chart 

0  :  3  :5100  :  306  :  -7:5/8  :  5 

n 

4 

OK 

16  :  8  :5100.:  306  :  -5:5/8  5 

tel  *  *  • 

11  :  3  :5100  :  306  >  -6  :  19/82  5 

OK 

4 

Fuse  would  not  ass  ara¬ 
ble  (adapter  distorted) 
OK 

18  t  3  :S100  i  306  :  -1  :  19/32  5 

It 

4 

If 

18  i  3  :5100  i  396  :  -6  :  5/8  5 

» 

4 

II 

50-yd.  short 

14  :  3  :5100  :  906  :  -6  :  11/16  :  6 

" 

4 

II 

IB  |  3  iBIOO  :  306  :  13257-  :  13/82  3 

It 

4 

It 

16  >  3  :5100  j  396  t  -4  :  11/16  6 

It 

4 

17 

17  t  3  :5100  t  396  1  -5  :  13/32  3 

It 

4 

17 

18  1  3  :8100  :  396  :  -7  t  9/16  5 

It 

4 

17 

19  :  3  :5100  :  396  :  -5:5/8  5 

n 

4 

II 

80  i  3  :5100  :  396  :  -7  :  17/32  :  4 

n 

4 

n 

81  :  3  :5100  :  396  :  -6  :  3/4  7 

n 

4 

n 

88  J  3  >8100  :  896  :  13257-  :  11/16  :  5 

n 

4 

17 

83  l  3  :5100  J  396  :  -4  :  25/32  :  7 

it 

4 

i» 

24  >3  >5100  :  396  :  -6  :  23/32  :  6 

n 

4 

ti 

88  :  3  :5100  :  396  >  -6  :  3/4  6 

n 

4 

II 

86  >  3  :3100  l  306  :  -5  :  17/32  4 

n 

4 

ft 

87  1.3  >5100  >  396  :  -7:1/2  4 

s  J  t  ;  :  : 

86  i  3  >5100  >  8iB  :  -4  :  9/4  :  e 

OK. 

4 

Fuse  would  not  assan- 
ble  ( adenter  di  ntorte<7 
UK 

80  |  8  >5100  i  806  >  -1  :  17/32  5 

s  :  t  :  :  5 

30  i  3  tSXOO  i  390  i  -7  5  17/32  :  5 

OK 

4 

Fuse  would  not  assem¬ 
ble  (adapter  distorted) 
OK 

31  >  3  <3166  a  306  1  -6  :  17/32  5 

n 

4 

It 

38  1  8  <8160  <  306  :  -6  :  17/32  6 

i» 

4 

n 

S3  1  8  <8160  <  806  >  -4  >  13/32  3 

i  i  :  :  : 

M  I  3  <8100  >  306  >  -4:3/4  :  7 

OE 

4 

Fuse  would  not  assem¬ 
ble  (adapter  distorted) 
OK 

■1  t  3  <8100  >  806  <  13887-  :  l/8  :  4 

<  >  >  1  >  : 

36  <  3  <8100  t  806  >  -4:3/4  :  7 

CK 

4 

Fuse  would  not  assem¬ 
ble  (adapter  distorted) 

OS. 

50-yd.  short 

:  _<  :  J  :  : 

*  IlllMtH 


snail  Ihanber  of  Threads 

1  M  8 

8  Low  order  5 

£8  Normal  bursts  3  to  6 

Values  given  la  oolumn  headed  "Average  Elevation" ,  were  obtained  from  the  Battery  Commander 
who  did  not  reoard  tha  individual  elevation  settings  for  eaoh  shot.  The  values  do  however, 
represent  mtiwlWAlly  tha  average  elevation  for  the  lot  designated  and  at  the  time  fired. 


'^bls  iiO«  3 


Shell,  Gas.  LPc  II,  Loaded  with  IS  for  155-m.  Howitzer 
(February  15,  1932) 


Lot  35-1-13 


Number 
of  Shell 

Zone  : 

:',JeiKht  :iianr,e 

Average  :  Booster 
Elevation: Lot  Number 

height 
of  Booster 

Threads 

Exposed 

Firing 

Action 

Powder 

lot 

Charge 

Curst  :  Remarks e 

:  yd. 

mils  : 

1 

2 

:5100 

408  : 

13257-11 

5/8 

5 

OK 

1798 

4 

OK  : 

2 

3 

:5100 

408  : 

-6 

5/16 

4 

If 

ft 

4 

ft  a 

3 

2 

:51oo 

408  : 

-6 

1/2 

4 

ft 

ft 

4 

ff  e 

4 

2 

:5100 

408  : 

-11 

9/16 

4 

n 

ft 

4 

tl  • 

5 

2 

:5100 

408  : 

-5 

5/8 

5 

n 

ft 

4 

ff  * 

6 

2 

:5100 

408  : 

-7 

1/2 

4 

n 

ft 

4 

Lon  order  : 

7 

2 

>5100 

406  : 

-11 

1/2 

4 

ti 

tl 

4 

OK  : 

8 

.  2 

>5100 

408  > 

-5 

15/32 

4 

it 

T» 

4 

ft  a 

9 

2 

:5100 

408  : 

-7 

19/32 

5 

n 

ff 

4 

If  e 

10 

2 

:5100 

408  : 

-10 

13/32 

3 

ti 

tl 

4 

Dud  : 

11 

2 

:5100 

408  > 

None 

19/32 

5 

tl 

II 

4 

"  :  200-yd.  short 

12 

2 

:5100 

408  : 

13257-4 

5/8 

5 

TI 

It 

4 

OK  : 

13 

2 

s510O 

408  : 

-5 

3/4 

7 

ft 

n 

4 

ft  a 

14 

2 

>5100 

408  : 

-6 

1/2 

4 

ft 

it 

4 

"  :  300-yd.  short 

15 

2 

:5100 

408  ; 

-10 

7/16 

3 

TI 

ft 

4 

Low  order  : 

16 

2 

>5100 

406  > 

-6 

9A<5 

5 

ft 

rt 

4 

OK 

17 

2 

>5100 

408  > 

-11 

21/32 

6 

It 

« 

4 

"  >  200-yd.  short 

18 

2 

>5100 

406  : 

-10 

1/4 

1 

n 

f» 

4 

"  > 

1C 

2 

>5100 

406  : 

-6 

5/8 

5 

n 

t» 

4 

ft  a 

20 

2 

>5100 

406  > 

-5 

1/2 

4 

n 

n 

4 

tt  a 

21 

2 

>5100 

406  > 

-5 

3/4 

7 

it 

ft 

4 

"  >  150-yd.  short 

£2 

2 

>5100 

406  > 

-4 

5/8 

5 

ft 

tt 

4 

ft  a 

23 

8 

>5100 

408  : 

13257- 

7/16 

3 

ft 

" 

4 

"  > 

£4 

2 

>5100 

408  > 

-5 

3/4 

7 

ti 

Fuse  oould  not  : 

l 

. 

: 

be  assembled  : 

• 

(adapter  die-  : 

> 

: 

torted)  > 

20 

2 

>5100  : 

406  : 

-1  : 

5/8 

5 

OK 

if 

4 

Low  order  : 

26 

2 

>5100  > 

408  '  : 

-6  : 

5/8 

5 

It 

ft  e 

4 

OK  : 

27 

2 

>5100  > 

406  > 

-6  : 

11/16 

6 

ft 

tl  e 

4 

Dud  : 

28 

2 

>5100  > 

406  > 

-6  > 

5/8 

5 

ft 

"  : 

4 

OK  > 

29 

2 

>5100  > 

406  ; 

-4  : 

5/8 

5 

ft 

" 

4 

n  e 

30 

2 

>5100  > 

406  : 

~5  : 

1/2 

4 

ft 

ft  a 

4 

ft  e 

31 

2 

>5100  > 

406  ; 

-5  : 

5/8 

5 

ft 

tt  * 

4 

Dud  s 

32 

2 

>5100  > 

408  : 

-6  : 

13/32 

3 

ff 

ft  a 

4 

OK  : 

33 

2 

>5100  > 

408  > 

—6  ; 

5/8 

5 

ft 

ft  a 

4 

ft  • 

34 

£ 

>5100  > 

406  : 

-n  > 

1/2 

4 

tt  e 

Fuse  oould  not: 

:  : 

e 

a 

: 

J 

be  assembled 

4  a 

«  e 

e 

: 

(adapter  die-  : 

a  a 

a  a 

: 

; 

torted)  : 

35 

2 

>5100  > 

408  > 

-5  : 

5/8 

5 

ce 

tt 

4 

OK  : 

36 

2 

>5100  > 

408 

-6  : 

3/4 

7 

it 

"  > 

4 

Dud  : 

:  > 

: 

*  Estimate* 


Shall 


ggfagr 

Muabw  of  Threads  Exposed 


5  Duds 

3  Low  order  of 
bursts 

S3  Normal  burst* 


3,  5,  0,  5,  and  7 

4,  3,  and  5 

S  to  7 


Valuaa  given  in  column  headed  "Average  Elevation",  were  obtained  fro*  the  Battery  Cc—aader 
*ho  did  not  record  the  individual  elevation  settings  for  eaoh  shot,  The  valuea  do  however, 
represent  Approximately  the  average  elevation  for  the  lot  designated  end  at  the  tine  fired. 


Table  Ho.  4 


Shell,  Gas,  lie  II,  Loaded  with  KS  for  155-am.  Howitzer 
(February  17,  1932) 


Lot  35-1-18 


Humber 
of  Shell 

mmmm 

Height 
of  Booster 

§g|g 

Burst 

Remarks  * 

:  yd.  : 

mils 

1 

light  :5100  : 

410 

13257-5 

21/32 

5 

Fuse  would  not  assem- 

bis  (adapter  distorted} 

2 

"  :5100  : 

410 

-6 

21/32 

5 

0K 

4 

OK 

3 

"  :5100  : 

410 

-6 

17/32 

4 

It 

4 

It 

4 

"  :5100  : 

410 

-4 

15/32 

3 

tt 

4 

tt 

5 

"  :5100 

410 

-5 

19/32 

5 

n 

4. 

It 

Short 

6 

«  ;5100 

410 

-6 

25/32 

7 

4 

Dud 

tt 

7 

"  :5100 

410 

-5 

5/8 

5 

Fuse  would  not  assen- 

ble  (adapter  distorted) 

8 

"  :5100 

410 

-4 

5/8 

5 

Fuse  would  not  assem- 

ble  (adapter  distorted) 

9 

"  :5100 

410 

-5 

1/2 

4 

0K 

4 

Low  order 

10 

"  :5100 

410 

-4 

17/32 

4 

If 

4 

OK 

11 

"  :5100 

410 

-4 

5/8 

5 

IT 

4 

ft 

12 

"  :5100 

410 

-4 

5/e 

5 

IT 

4 

fl 

13 

"  :5100 

410 

-6 

9/16 

4 

1! 

4 

tl 

14 

"  :5100 

410 

-6 

15/32 

3 

tt 

15 

"  :5100 

410 

-5 

5/8 

5 

OK 

4 

tl 

Over 

16 

”  :5100 

410 

-6 

9/16 

4 

!  1 

4 

tt 

17 

"  :5100 

410 

-4 

19/32 

5 

»l 

4 

tt 

IS 

"  :5100 

410 

-5 

5/8 

5 

ft 

4 

It 

19 

"  :5100 

410 

-4 

5/8 

5 

tt 

4 

tl 

20 

"  : 5100 

410 

-6 

1/2 

4 

tt 

4 

ft 

21 

"  .-5100 

410 

K 

1/2 

4. 

It 

4 

II 

22 

"  :5100 

410 

-4 

9/1C 

4 

tt 

4 

Dud 

Over 

23 

"  : 5100 

410 

-5 

1/2 

4 

tr 

4 

24 

"  : 5100 

410 

-5 

9/16 

4 

♦t 

C'-Si. 

25 

-.5100 

410 

-5 

17/52 

tt 

4 

jud 

short 

26 

:1  zone: 5100 

:  410 

:  -4 

:  17/32 

:  4 

:  Low  order 

27 

:  "  :5100 

:  410 

:  -5 

:  25/32 

:  7 

:  OK 

:  4 

:  OK 

28 

slight  :5100 

:  410 

:  —6 

:  7/6 

;  C 

•  tt 

:  4 

•  tl 

29 

:  "  : 5100 

:  410 

:  -6 

:  13/32 

•  rr 

•  u 

•  II 

:  4 

•  It 

30 

:  "  : 5100 

:  410 

:  -4 

:  5/8 

:  5 

•  tl 

:  4 

«  tt 

31 

:1  zone: 5100 

:  410 

:  -5 

:  3/4 

:  6 

•  II 

:  4 

;  tt 

32 

slight  :5100 

:  410 

:  -0 

:  19/32 

:  5 

•  tt 

:  4 

:  Dud 

:  Soft  ground 

33 

:  "  s5100 

:  410 

:  -5 

:  23/32 

:  6 

•  tt 

:  4 

:  OK 

34 

:1  zone: 5100 

:  410 

:  -5 

:  23/32 

:  G 

:  Fuse  would  not  as  sera- 

:  : 

:  ble  (adapter  distorted) 

35 

: light  :510O 

:  410 

:  -5 

:  19/32 

:  4 

•  rv;f 

•  wll 

:  4 

:  OK 

36 

:  "  :5100 

:  410 

r  -5 

:  13/16 

:  7 

.  tt  - 

:  4 

•  tt 

•  The  shorts  and  overs  reeorded  In  this  column  represent  estimates  amounting 
to  100  to  800  yards. 


SULKAHY 

Shell  liuriber  or  Threads  Exposed 

4  Duds  4 ,  4 ,  5 ,  7 

2  Low  order  of  bursts  4  and  4 

20  iToimal  bursts  3  to  8 


values  given  in  oolumn  headed  "Average  Ulevation",  were  obtained  from  th.-  battery  Command er 
wi.o  did  not  record  the  individual  elevation  settings  for  each  shot.  The  values'  do  however^ 
represent  approximately  the  average  elevation  for  the  lot  designated  and  at  the  time  fired. 
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o.  Meteorological  Conditions. 


The  following  meteorological  conditions  premil  ad 
during  the  firing  period  and  the  periods  following  during  which  vapor 
samples  were  taken  and  animals  were  exposed  on  the  target  areat 


Date 

May  23,  1932 

Time 

9*53  to  10*20  a.m. 

. 

10*20  to  11*10  a.m.  - 

11*10  a.m 

to  3*10 

4ir  temperature  °P. 

HS 

59 

m 

60 

60  to  67 

Ground  temperature  °F, 

m 

74  to  77 

m 

77  to  83 

83  to  96 

Ground  condition 

m 

damp 

- 

damp  • 

damp 

Relative  humidity  % 

m 

64  to  60 

m 

60  to  58 

58  to  50 

Wind  velocity  m.p.h. 

• 

3.2 

m 

6.0 

5.2 

Wind  direction 

•NE  to  SE  to  S  to  SW 

m 

SE  to  S  • 

S  to  SW 

Sky 

Hazy  to  clear 

m 

Hazy  to  dear  • 

dear 

Date 

m 

Hay  24,1932 

m 

Hay  26,1932 

Time 

•10*35  a.m.  to  2*35  ] 

3.m.  •  10*30  a*m.  to  2 >30  p.m. 

Air  temperature  °F. 

m 

67  to  74 

-  72  to  79 

Ground  temperature  °F. 

- 

83  to  96 

«  86  to  99 

Ground  condition 

- 

dry 

•  dry 

Relative  humidity  % 

we 

90  to  76 

-  90  to  64 

Wind  velooity  m.p.h. 

- 

5.3 

-  7.5 

Sky 

M 

dear 

•  dear 

7.  Results. 

a.  Liquid  HS. 

(l)  Site  of  HS  Drops*  The  distribution  of  liquid  HS 
by  shell  burst,  was  regis-tered  by  means  of  paper  panels  eight  inohes 
square,  plaoed  flat  on  the  ground  over  the  target  area,  at  intervals 
of  ten  yards,  and  also  by  tin  plates  of  the  same  site,  having  a  ooating 
sensitive  to  HS  liquid,  which  were  plaoed  beside  the  pq?  er  panels.  The 
tin  plates  proved  unsatisfactory  due  to  difficulty  in  detecting  the  very 
find  drops  of  HS*  The  results  on  the  paper  panels  were  summarized  for 
density  of  pattern  and  for  size  of  drops  in  excess  of  0.06  mg.  The 
panels  having  drops  in  exoess  of  0*05  mg.  are  tabulated  in  the  following 
table i 


-  S  - 
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Table  Mo,  1. 


Site  of  HS  Drops 


Ho.  of 

: 

No.  of  panels  with  HS  drops  in 

exoess  of  0.06 

■g*  - 

drops  per 

: 

.06  to 

: 

0.101  to 

:  .501  to 

: 

1.01  to  :  < 

Over  3.0 

panel 

: 

: 

0.6  rag. 

:  1.0  mg. 

: 

3.0  mg.  : 

mg. 

- 

: 

l 

: 

3 

i  7 

i 

3  : 

7 

2  to  10 

i 

9 

: 

19 

>  12 

: 

12  : 

6 

11  to  20 

: 

3 

i 

2 

i  1 

: 

: 

Over  20 

i 

4 

l 

: 

: 

: 

Total  panels  haring  drops  of  .05  mg.  or  greater  -  53 
Total  panels  exposed  on  target  area  *  231 


(2)  Estimated  Man  Casualties  from  Liquid  HS, 

(a)  Man  Protected  with  Gas  Mask  Only.  The 
paper  panels  were  tabulated  for  density  of  pattern  produced  T/  the  liquid 
HS,  using  the  gradings  heary,  medium,  light,  and  trace,  corresponding  to 
the  soale  of  gradings  shown  in  the  photostatio  copy  attached  to  this 
report.  The  panel  gradings  are  tabulated  in  Table  2,  which  follows, 
together  with  estimated  man  casualties: 

Table  Ho.  2. 

Estimated  Man  Casualties  on  Target  Area  from 
Liquid  HS 


Panel 

pattern 

Panel 
No.  : 

8  contaminated 
Per  oent  of 
total 

Estimated  Man  casualties 
’when  man  is  protected  with 
gas  mask 

% 

Heavy 

14  : 

6.1 

6.1 

Medium 

18  : 

7.8 

7.8 

Light 

25  : 

10.9 

8.7 

Trace 

41  : 

17.8 

10.7 

No.  HS 

132  : 

57.4 

- 

Total 

230  : 

100.0 

The  position  of  shell  craters  and  estimated  man  casualties  from  liquid 
HS  are  shown  on  Chart  2. 
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Notes  The  estimated  man  casualties,  as  given  in  Table  2, 
above,  are  based  on  estimates  furnished  by  the  Protective  Development 
Division  in  memorandum  of  Oot.  22,  1931,  to  the  Engineering  Division, 
as  follows  a 


Panel  s  Estimated  man  oasualties  through  standard' 
patterns  issue  of  unimpregnated  clothing 


s 

* 

Heavy  s 

100 

Mediums 

100 

Light  r 

80 

Trace  s 

60 

(b)  Man  Protected  with  Gas  Mask  and 
Standard  Impregnated  Clothing.'' 

The  paper  panele  (8  in*  by  8  in,)  were  tabulated  for 
number  and  size  of  HS  drops  in  exoess  of  0*5  mg.  The  results  of  the 
tabulation  together  with  estimated  man  casualties  are  given  in  the 
following  tables 


Table  No.  S* 


Site  of  s'  No".'  of  s  Estimated  man  oasualties 
HS  drops  s  panels  s  when  man  is  protected  with 
s  t  gas  mask  and  impregnated 

s  s  clothing 

sig.  s  s  %  per  panel  s  $  on  entire  area 

0*5  to  1*0  s  6  s  40  s  1.0 

Over  1.0  s  19  s _ 100 _ s _ 8.2 _ 

t  26  s  s  9.2 

Notes  The  percent  estimated  man  oasualties  given  in  the  last 
column  is  based  on  laboratory  tests  by  the  Protective  Development  Division 
as  given  in  memorandum  of  August  6,  1931,  to  the  Technical  Director. 
Laboratory  tests  showed  that  liquid  HS  penetrated  two  layers  of  standard 
protective  clothing  and  produoed  casualties  as  follows s 
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HS  drops  0.5  mg.  in  size  -  4C$S  man  casualties 

HS  "  0.7  "  n  ”  QQP/e  "  " 

HS  ■  0.8  *  "  "  -10#  "  " 

b.  Estimated  Man  Casualties  from  HS  Vapor  When  Man 
is  Protected  with  t»aa  Mask  Only. 

Sampling  machines  were  placed  to  take  vapor  sample  s 
at  positions  indicated  on  Chart  No.  1*  In  each  of  the  tables  which 
follow,  representing  different  sampling  periods,  the  sampling  positions 
used  are  designated.  The  HS  vapor  concentration,  e.t.  value,  and 
per  cent  estimated  man  casualties,  as  estimated  from  the  vapor  con¬ 
centrations.  are  also  included  in  each  of  the  tables.  The  o.t.  value 
is  equal  to  the  vapor  concentration  in  milligrams  per  liter  timee  the 
exposure  period  in  minutes.  Estimated  man  casualties  are  based  on  the 
o.t.  value  using  the  valuation  ourve  given  in  Graph  No.  1.  attached  to 
this  report.  The  per  cent  estisated  man  casualties  in  the  following 
tables  represent  man  protected  with  gas  mask  but  without  the  protection 
of  impregnated  clothing t 

(1)  On  the  Target  Area. 

(a)  Firing  Period  Plus  Ten  Minutes. 


Table  No.  4. 


Sampling 

position 


Elevation 

of 

sample 


Vol.  of 
air  sam¬ 
pled 


Sampling!  SS 
period  j sampled 


Vapor 

concn. 


c.t. (Estimated  man 
value i casualties  when 
i man  is  protected 
twith  gas  mask 


»  »  > _ ;  only 


Of 

Elm 

< 

mg. 

»mg./l. 

t 

t 

“7 

F 

H 

Is 

i  824 

25 

> 

0.4 

i.0006 

* 

.012 1 

17 

K 

m 

If 

i  964 

27 

t 

0.4 

«.0004 

t 

.011* 

16 

0 

H 

i  1126 

31 

> 

1.2 

t.OOll 

i 

•084  a 

45 

G 

H 

'll" 

<  31054 

29 

: 

0.0 

>.0 

< 

.0  i 

0 

L* 

H 

■is 

*  608 

34 

t 

2.6 

j.0041 

i 

.14  t 

100 

P 

H 

m 

<  ]|342 

37 

» 

16.0 

i.0112 

• 

• 

.41  i 

100 

<£§  Av.' 


♦The  sample  at  position  L.  does  not  represent  the  whole  sampling  period  as 
the  sampling  machine  ijeas  put  out  of  commission  due  to  effects  of  shell  fire. 
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(b)  Fifty  Minute  Period,  Beginning  Tan 
Minutes  after  Cassation  of  Fire, 


Table  No.  6. 


Samp  ling  :  El  e-vat  ion 
position i  of 

t  sample 


Vol.  of 
air  sam¬ 
pled 


Sampling 

period 


HS  i  Vapor i  o.t.  tEstfimted  man 

sampled  toonon.  j-ralue  t casualties  when 

i  t  tman  is  protected 

i  t  iwith  gas  mask  on] 


n 

m&m 

t  liters  t 

min. 

t  mg. 

img./l.  : 

t 

F 

n 

n 

t  1932  : 

54 

:  0.0 

:.0  : 

*•  : 

m 

K 

H 

11 

t  1940  i 

65 

:  0,6 

to 0003  t 

.016: 

25 

0 

H 

1,1 

<  1966  i 

55 

<  0.8 

1.0004  * 

«022> 

33 

G 

H 

t  930  i 

52 

«  1.0 

: . 0011  : 

.057: 

64 

P 

Bfl 

MM 

*  1966  t 

66 

i  6.1 

1.0031  * 

.170: 

100 

44  At. 


(°)  Firing  Period  Plus  One  Hour. 


Table  No.  6. 


Sampling ifel ovation 
position:  of 

i  sample 
: 

I Vol.  of  1 
tair  earn- : 
:  pled  : 
:  : 

HS  i  Vapor: 

sampled toonon. 

i 

: 

o.t. tEstimated  man 
value t casualties  when 
tman  is  protected 
:with  gas  mask  only 

i 

ft. 

: 

liters 

min.  > 

»€• 

tmg./l. 

t 

% 

F  * 

0 

: 

2756 

77  : 

0.4 

t.0002 

,012 1 

16 

K  : 

1 

: 

2894 

82  : 

1.0 

t.0003 

.027t 

39 

0  : 

0 

: 

3092 

86  < 

2.0 

t.0006 

.052 1 

60 

G  t 

0 

: 

1964 

61  : 

1.0 

t.0005 

•041 1 

51 

L  i 

1 

: 

1608 

34  : 

3.1 

1.0019 

.064t 

69 

P  : 

0 

: 

3308 

92  : 

21.1 

t.0063 

.56  t 

100 

B  : 

1 

• 

e 

2640 

76  » 

0 

t  0 

0  t 

0 

S  : 

1 

t 

1670 

46  : 

1.9 

t  .0011 

.051 1 

60 

T  : 

1 

_t_ 

4436 

122  : 

59.2 

t.0138 

1.68  t 

100 

(d)  Four  Hour  Period  Beginning  One  Hour 
After  Cessation  of  fire. 
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Table  No.  7 


Sampling 

position 

(Elevation  :Voi*  of 
t  of  i air  sam- 

i sample  t  pled 

t  i 

iSaapiingi 
t  period 

t 

t 

HS  t  Vapori 

sampled soonon. 

t 

t 

o.t. 

value 

Estimated  mam 
casualties  when 
man  is  protected 
with  gas  mask  only 

*  ft. 

i  liters 

t 

rag. 

img./l. 

% 

F 

t  0 

i  8540 

i 

235 

0 

t  0 

0 

0 

K 

>  1 

i  8360 

< 

230 

0 

<  0 

0 

0 

0 

»  0 

t  8120 

t 

227 

< 

Sample  lost 

G 

I  o 

t  8280 

t 

231 

0 

t  0 

0 

0 

h 

I  1 

t  4000 

< 

220 

1.7 

<  .0004 

.088 

86 

L 

1  1 

l  4000 

i 

220 

1.0 

i  .0003 

.066 

70 

L 

«  2 

i  4000 

< 

220 

1.7 

j  .0004 

.088 

86 

L 

»  4 

t  4000 

i 

220 

lost 

S  *• 

m 

B 

t  8460 

t 

240 

0 

l  o 

0 

0 

T 

t  6620 

t 

185 

4.2 

1.00063 

.11 

100 

P 

i  7020 

t 

196 

0.4 

(.00006 

.012 

16 

(e)  FourHour  Period  on  Day  Following  Test i 


Cld»SO  a.m.  io  i SO  p.ra..  May  24,  1^32) 


Table  No.  8. 


Sampling  (Elevation  (Vol.  of 
position i  of  (air  sam- 

i  sample  t  pled 

i  i 

(Sampling i  HS  (Vapor 

•(  period  ( sampled traoncn. 

(  (  ( 

(  (  ( 

o.t. (Esximated  man 
lvalue (casualties  when 
(aan  is  proteoted 
(with  gaB  mask  only 

assEan 

E9 

t  liters 

rag. 

tmg./l. 

( 

172  i 

u 

t  4290 

{  240  ( 

0.0 

(.0000 

•00  ( 

0 

"  i 

'Mm 

. 

C  "  ( 

0.0 

(.0000 

.00  i 

0 

"  ( 

HS 

EHHH 

I  "  ( 

0.0 

(.0000 

.00  ( 

0 

i 

nKisn 

1.2 

(.0663 

.072  ( 

t6 

it  t 

2 

* 

(  "  * 

0.0 

(.0000 

.00  ( 

0 

"  * 

4 

* 

i  "  : 

0.0 

(.0000 

.00  : 

0 

■  no  r 

wwMmm 

rKjmm 

.00  ( 

6 

n  f 

2 

IHQP 

mm 

mm 

ft 

M 

w 

4 

— 

mm 

mm 

mm 

tt  t 

tt 
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(f )  Four  Hour  Period  2nd  Day  Following  Tests 
Xl0»30  a.ra.  to  ^>50  p«nu.  May  25,1982). 


Table  No.  9. 


Sampling 

position 

t Elevation tVol.  of 
t  of  tair  sam- 
i  sample  t  pled 

i  i 

1 Sampling 
t  period 

1 

1 

t  HS  t  Vapor 

tsampled  toonon. t 
1  t 

t  t 

0. t. t Estimated  man 
value j casualties  when 
man  is  proteoted 
twith  gas  mask  only 

Stake  No. 

i  ft. 

t  liters 

1 

min. 

t 

mg. 

«ng./l. 

1 

Jo 

110 

t  1 

t  4360 

t 

240 

1 

0.0 

t.0000 

s  .00 

t 

0 

If 

t  2 

If 

t 

It 

1 

ft 

ff 

N 

t 

0 

ft 

t  4 

. 

t 

If 

t 

H 

« 

ft 

t 

0 

172 

t  1 

i  4260 

1 

236 

< 

6.0 

1.0600 

•66 

t 

6 

If 

t  2 

* 

1 

It 

t 

n 

It 

n 

1 

0 

H 

i  4 

i 

> 

ft 

1 

ft 

1  ? 

ff 

i 

0 

Sl6 

:  1 

«  4260 

t 

236 

t 

0.0 

1.0000 

.00 

: 

0 

t! 

:  2 

t  W 

t 

If 

t 

ft 

t  w 

ff 

t 

0 

ft 

i  4 

: 

: 

If 

j 

it 

»  n 

If 

1 

0 

(2)  Outside  of  Target  Area. 

(a)  Firing  Period  Plus  One  Hour, 


Table  No.  10. 


Sampling! 

position 

Elevation  tVolume : Sampling 
of  tof  air*  period 

sample  tsampled 

t  t 

*  HS  tvapor 
tsampled toonon. 

t  t 

t  t 

o.t. 

value 

t Estimated  man 
t casualties  when 
man  is  protected 
ttrith  gas  mask  only 

ft. 

1  liters* 

min. 

mg. 

tmg./l. 

7 

E 

1 

1  1420  1 

79 

0,0 

t.0000 

0 

0 

E 

2 

*  ■  s 

ft 

0.0 

*,0000 

0 

0 

E 

4 

t  t 

1  e 

0.0 

t.0000 

0 

6 

H 

VBHI 

nmi 

82  ” 

lost 

t.0600 

0 

0 

It 

2 

muj 

ft 

0.4 

*.0003 

.024 

36 

4 

HEH 

It 

0.8 

t.0006 

.049 

60 

J 

KISS 

0,0 

t.0000 

.00 

6 

If 

2 

MDM 

II 

0.6 

t.0004 

.034 

45 

It 

4 

m 

ft 

0.0 

t.0000 

.00 

0 

M 

1 

t  1590  t 

89 

1.7 

tt.0011 

.098 

92 

ft 

2 

.  "  . 

ft 

1.0 

t.0006 

62 

ft 

4 

t  "  t 

It 

1.0 

t.0006 

.063 

62 
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Table  10  (Cont'd.) 


Sampling :Elevation:Vol.  of  : 
position i  of  :air  8 am- j 

i  sample  t  pled  i 

t  i  i 

Sampling 

period 

t  b!s  t  Vapor  *  o.t. 

{Sampled tConon. j value 

i  i  t 

i  >  i 

{Estimated  man 
t  casualties  when 
tuan  is  protected 
twith  gas  mask  only 

< 

ft. 

t  liters 

min. 

t  mg. 

img./l.  i 

*  l 

V  : 

i 

«  1600 

68 

:  0.6 

t  ,0004 : 

.035 

:  47 

n  . 

2 

n 

tl 

:  0.0 

t  .0000 1 

.00 

:  0 

"  , 

4 

n 

If 

*  1.2 

«  .0007  * 

.061 

:  66 

Q  * 

1 

~i  1670 

92 

*  1.0 

i  .0006 1 

rm 

7  (TS 

ft  f 

2 

*  n 

ft 

i  1.0 

t  .0006: 

.066 

i  62 

II 

4 

. 

« 

t  0.8 

<  .0005: 

.046 

:  56 

E  * 

1 

835 

46 

:  6.6 

KW23 

i  44 

ft 

2 

ft 

t  0.8 

:  .0010: 

.046 

:  55 

n 

4 

ft 

t  0.4 

:  .0005: 

.023 

i  33 

TJ  « 

■HEIGHT 

■ttm 

i  0.0 

i  .0000: 

.00 

:  6 

n 

• 

2 

mm 

ft 

t  0.0 

:  . 0000 : 

.00 

:  0 

n 

4 

HHHI 

n 

*  1.2 

i  *0005 s 

.061 

t  66 

A  : 

■HHi 

76 

»  o~ 

wwK&\n 

71 tr 

*  73 

n 

2 

ft 

:  1.9 

<  .0014: 

.u 

i  100 

n  * 

4 

■m 

tl 

i  0.4 

«  .0005: 

.02 

<  30 

(b)  Four  Hour  Period  Beginning  One  Hour 
Ji£br  Cessation  of  Fire. 


Table  No.  11. 


Sampling 

*Elevation:Vol.  of 

{Sampling 

:  HS 

<  Vapor: 

o.t. Estimated  man 

position 

:  of 

tair  3 am- 

:  period 

: sampled 

looncn. iv&lue: casualties  when 

t  sample 

i  pled 

i 

i 

:  < 

:man  is  protected 

t 

: 

: 

i 

i  : 

twith  gas  mask  only 

t  liters 

:  min. 

:  iog. 

:mg./l. : 

.  i 

H 

:  1 

t  4140 

i  231 

«  0.6 

:. 00014* 

,032:  46 

11 

i  2 

*  " 

:  ■ 

«  0.0 

1.0000  t 

.00  *  0 

tl 

i  4 

*  * 

*  * 

i  0.0 

1*0000  t 

.00  :  0 

U 

[■■I 

«I.O 

t • 000&5 i 

H 

i  2 

*  " 

s  1.0 

t.00025: 

.066:  63 

n 

<  4 

9HI 

:  0.6 

t.00016: 

.033:  47 
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s.  Estimated  Man  Casualties  Based  on  Effects  on  Animals 


Animals  were  plaoed  on  the  target  area  and  at  positions 
downwind  from  the  target  area  to  determine  effects  of  the  gas  concen¬ 
tration  set  up  and  how  long  the  liquid  HS  persisted  on  the  inqj&ot  area. 

The  position  of  the  animals,  as  exposed  during  the  various  exposure  periods, 
is  shown  on  Charts  1,  7,  8,  9,  and  10,  The  animal  oasualtiee  and  estimated 
man  casualties,  are  given  in  the  tables  which  follow.  The  man  oasualtiee 
are  estimates  made  "by  the  Medical  Res  ear  oh  Division  whi  oh  observed  and 
studied  the  effects  on  all  animals  exposed.  Estimated  man  casualties, 
based  on  effects  on  animals  are  shown  on  Charts  11,  12,  12A,  and  13, 

In  the  tables,  the  following  symbols  are  used  to  designate  the  nature  of 
the  animal  casualty: 

L  -  Grose  pathology  of  lung. 

R  -  Respiratory  symptoms. 

S  -  First  degree  skin  burn. 

Sg  -  Second  w  "  " 

S3  -  Third  •  "  " 

E  -  Simple  oonjunotivitis 
Eg  -  Purulent  " 

In  all  tables,  per  oent  estimated  man  casualties  based  on  effects  on 
animals  are  given  as  0  or  100$,  depending  entirely  on  whether  eaoh  animal 
represented  a  positive  result  or  not. 

(l)  On  Target  Area. 

(a)  Firing  Period  end  Following  Ten  Minutes. 

During  the  firing  period  and  following  tan  minutes, 
eighteen  rate  and  sixteen  goats  were  exposed  on  the  target  area.  Animal 
oasualtiee  and  estimated  man  casualties,  when  man  is  protected  with  gas 
mask  only,  are  tabulated  in  Tables  12A  and  12B,  below.  The  position 
of  tbs  animals  on  the  target  area,  is  shown  on  Chart  7. 
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Table  So,  12A. 


ature  :  Severity  < 
of  :  of  < 

casualty t casualty  : 

t  : 


Remarks 


rEstisated  man 
{casualties  when 
iman  is  protected 
iwith  gas  mask  onl 


t  Severe  i Burns  on  feet.  Casualty  in 

t  t  24  hr 


mamiaroa; 


ELS  t  Death 
« 


{Bums  on  feet.  Casualty  ini 
t  6  hr.  Death  in  4  days.t 


{Burns  on  feet.  Casualty  int 
t  12  hr.  Death  in  4  days • t 


Position! 

of  t  of 
stake  toasualty 
! 


Severity  ( 
of  : 
casualty  { 


Table  No.  12B. 


GOATS 


(  Remarks 


{Estimated  man 
{ casualties  when 
{man  is  protected 
(with  gas  mask  onl 


(Oasualty  in  12  hr.  Death 
(  in  16  da 


Per  oent  Casualties 


{Goats  -  3 


1 


{Han  1 


Per  oent  men  casualties  based  on  rats  and  goats  - 
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(b)  Firing  Period  and  Following  Hour* 

During  the  firing  period  and  following  hour,  fifteen 
rats  and  seventeen  goats  were  exposed.  Animal  casualties  and  corres¬ 
ponding  estimated  man  casualties  are  tabulated  below.  The  position  of 
the  animals  on  the  target  area  is  shown  on  Chart  8  and  the  position  of 
estimated  man  casualties  is  shown  on  Chart  12. 


Table  ho.  ISA. 


EATS 


Position 

s  Nature 

t  Severity  Remarks 

(Estimated  man 

of 

>  of 

i  of 

( 

(casualties  whan 

stake 

(casualty 

(casualty 

( 

(man 

is  protected 

t 

: 

( 

(With 

gas  mask  ohl] 

67 

t  E 

(Moderate 

(Casualty  in  6  to  12  hr. 

( 

0 

71 

t  EE 

(Light 

m 

0 

111 

i  EL 

(Death 

(Casualty  in  6  to  12  hr. 

( 

loo 

i 

( 

t  Death  in  6  days 

( 

11$ 

i  SE 

(Light 

(Burns  on  feet.  Casualty  in( 

lod 

t 

( 

x  12  hr. 

( 

155 

(  E 

D£I33iSS 

BBM 

0 

i  S 

(Moderate (Burns  on  feet  and  ears. 

( 

155 

( 

( 

(Casualty  in  12  hr. 

( 

$03 

i  ERSq 

(Severe 

(Burns  on  feei.  Casualty  6 

t 

1 

( 

(  to  12  hr. 

Per  oent 

casualties 

(Rats  -  46% 

(Man  26% 
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Table  No.  13B 


GOATS 


Position!  Nature  t 
of  t  of  1 

stake  soasualtyt 
!  ! 

Severity 

of 

casualty 

t  Remarks  (Estimated  man 

t  t casualties  when 

t  tman  is  protected 

<  twith  gas  mask  onl: 

45 

t  R  t 

Light 

(Casualty  in  6  hr.  t 

5 

97 

<  ELS  t 

t  i 

i  ! 

Death 

t Burns  on  abdomen.  t 
(Casualty  in  12  hr.  Death  ( 
i  in  4  days  ! 

. 166 

14l 

!  RS  ! 

!  ! 

Severe 

(Bums  on  ears*  Casualty  i 
(  in  12  hr.  ( 

loo 

"'Hi  ' 

7“ Sr  T 

. w  1  1 

100 

“T5S 

T~m  r 

i  t 

n 

(Bums  on  abdomen  and  earsu 
(Casualty  in  12  hr.  ( 

"222 

! !  E2RS  ! 

t  ! 

if 

(Bums  on  abdomen  and  ears.! 
(Casualty  in  12  hr.  ( 

too 

KHH 

t  EL  t 

«  i 

Death 

(Casualty  in  6  to  12  hr.  ( 
t  Death  in  7  days.  : 

Per  cent  Casualties  (Goats  »  41$  (Man  -  55# 

Per  cent  Man  Casualties  based  on  Rats  and  Boats  -  51$ 


(e)  Four  Hours,  from  2nd  to  6th  Hour  After  Firing. 

During  the  four  hour  period  following  the  first  hour 
after  firing,  fifteen  rats  and  nine  goats  were  exposed.  Animal  casualties 
are  tabulated  below,  also  estimated  man  casualties.  The  position  of  the 
animals  on  the  target  area  is  shown  on  Chart  9,  and  the  position  of 
estimated  man  casualties  is  shown  on  Chart  12A. 
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Table  No#  14A 


RATS 


Position 

:  Nature  : 

Severity 

*  Remarks 

(Estimated  man 

of 

:  of  i 

of 

> 

(casualties  when 

stake 

t casualty : 

oasualty 

: 

(man 

is  protected 

t  ( 

i 

(with  gas  mask  only 

51 

t  E  t 

Moderate 

(Casualty  in  6  to  12  hr. 

( 

0 

71 

i  E  t 

ft 

-  if  if  W  If  w 

( 

0 

9$ 

i  E  t 

-  if  If  W  if  W 

( 

6 

“T53 

:  ES  < 

Severe 

(Burns  on  feet.  Casualty 

( 

100 

:  t 

(  in  6  to  12  hr. 

( 

143 

<  ER  t 

Moderate 

(Casualty  in  6  to  12  hr. 

( 

0 

lf>9 

«  ES  i 

Light 

(Burns  on  feet*  Casualty 

( 

100 

(  J 

(  in  6  to  12  hr. 

( 

163 

j  L  : 

Death 

(Casualty  6  to  12  hr. 

( 

-  ^oo 

i  t 

(  Death  in  24  hr. 

( 

Per  cent 

Casualties 

(Rats  -  46# 

(Man 

-  20# 

Table  No,  146. 


GOATS 


~m — 

(  BgSg 
( 

( 

(  Severe 

i 

( 

(Burns  on  ears  and 
(abdomen.  Casualty  in 
(  6  to  12  hr. 

?  Ioo~ 

( 

( 

161 

(  R 

(  Severe 

(Casualty  in  12  hr. 

(  0 

Per  cent 

Casualties 

(Goats  *•  22# 

(Man  -  11# 

Per  oent  Man  Casualties  based  on  Rats  and  Goats  -  17# 


(d)  Twenty-four  Hour  Period  from  6th  to  30th 
Hour  after  firing# 

During  the  twenty-four  hour  period  following  the  fourth 
hour  after  firing,  eight  rats  and  four  goats  were  exposed#  Animal 
casualties  and  estimated  man  casualties  are  tabulated  in  the  following 
tables.  The  position  of  the  animals  on  the  target  area  is  shown  on 
Chart  10#  and  the  position  of  estimated  man  casualties  is  shown  on 
Chart  13. 
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Table  No.  15A» 


RATS 


Position: 
of  t 

stake  1 1 

t 

Nature 

of 

casualty 

t 

t 

t 

t 

Severity 

of 

oasualty 

t  Remarks  lEstimated  man 

t  i cas  ua It i es  when 

t  jman  is  protected 

t  twith  gas  mask  only 

91  t 

t 

ERS 

• 

• 

t 

Moderate 

tBurns  on  feet.  Casualty  t 
twhen  removed  from  area.  t 

100 

95  t 

t 

ERS 

t 

t 

e 

tBurns  on  feet.  Casualty  j 
twhen  removed  from  area*  t 

100 

™  §§  r 

t 

E 

t 

t 

Light 

t Casualty  when  removed  from: 
tarea.  t 

0 

115  t 

t 

t 

> 

tBurns  on  feet.  Casualty  t 
twhen  removed  from  area.  t 

ioo 

““its  r 

t 

L  ■ 

t 

t 

Death 

t  Casualty  when  removed  fromt 
tarea.  Death  in  20  days,  t 

100 

us  r 

t 

ERS 

< 

t 

Moderate 

100  “ 

i3§  r 

i 

ERS 

t 

t 

tl 

tBurns  on  feet.  Casualty  t 
twhen  removed  from  area.  : 

luO 

“"ns  x 

ERS 

i 

tDitto  t 

'  loo 

Per  pent  Casualties  tRats  -  100%  tMan  -  88% 


Table  No.  15B. 

GOATS 

t  r~' 

t  Moderate 

{Casualty  when  removed  from: 

0 

t 

t 

tarea.  t 

in  ;  s“ 

t 

t  Light 

i 

tBurns  on  abdomen.  Casual- 

tty  when  removed  from  area,  t 

loo 

Per  cent  Casualties  iGoats  -  60%  iMan  -  25% 

Per  cent  Man  Casualties  based  on  Rats  and  Goats  -  67% 


(e)  Twenty-four  Hour  Period  in  Shell  Craters 
on  Third  Day  After  Firing, 

During  the  twenty-four  hour  period  following  the  first 
forty-ei ght  hours  after  firing,  seven  rats  and  one  goat  were  exposed 
in  separate  shell  craters  on  the  target  area*  Animal  casualties 
and  estimated  man  casualties  are  tabulated  in  the  following  tablet 
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Table  No.  16 


RATS 


Nature  t 
of  t 

casualty i 

t 

Severity 

of 

casualty 

i 

i 

t 

> 

Remarks 

(Estimated  man 
(casualties  when 
(man  is  protected 
twith  gas  mask  only 

LES  t 

M 

iButa  on  feet. 

t 

100 

LES  t 

- 

1  ^ 

n — * 

i 

100 

Sg  * 

Severe 

i  " 

— n — n - 

t 

100 

Per  cent 

Casualties  (Rats 

-  43$ 

(Man 

K9HN 

Per  cent  Man  Casualties  based  on  Rats  and  Goats  -  37$ 
The  goat  exposed  was  not  a  casualty. 


(f )  Twenty-four  Hour  Period  in  Shell 
Craters  on  9th  Day  After  Firing. 

During  the  twenty-four  hour  period  following  the  first 
eight  days  after  firing,  seven  rats  and  one  goat  were  exposed  in  shell 
craters  on  the  target  area.  Animal  casualties  and  estimated  man 
casualties  are  tabulated  in  the  following  tablet 


Table  No.  17. 


Nature  t 

Severity 

t 

Estimated  man  casualties  when  man 

of  : 

of 

i 

is  protected  with  gas  mask  only 

casualty i 

casualty 

i 

E  * 

Light 

7 

0 

E  ( 

W 

t 

0 

Per  cent  Casualties 

(Rats  -  28$.  Man  -  0$ 

Per  cent  Man  Casualties  based  on  Rats  and  Goats  -  0$ 

The  goat  exposed  was  not  a  casualty. 

(2)  Downwind  from  Target  Area.  Eight  rats  and  four 
goats  were  exposed  at  positions  downwind  from  the  target  area  during 
the  firing  period  and  the  following  four  hours  at  positions  shown  on 
Chart  I.  None  of  the  animals  were  casualties. 
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8*  Discussion. 


a.  Shell  Distribution.  Only  25  shell  of  the  40  fired  for 
effect  registered  on  the  target  area  (200  yd.  by  100  yd.).  The  craters 
produced  by  these  25  shell  were  all  located  within  an  area  of  7850  sq. 
yd.  which  is  only  about  1/3  of  the  target  area.  Aside  from  the  25 
impacts  on  the  target,  there  were  eleven  additional  impacts  within 

a  distance  of  20  yd.  upwind  from  the  edge  of  the  target  area.  All 
of  these  eleven  6hell  probably  contributed  in  some  degree  to  the  ES 
vapor  and  HS  liquid  concentration  set  up  on  the  target  area.  The 
position  of  the  shell  oraters  is  shown  on  Chart  2. 

b.  Impact  Area.  The  number  of  animal  positions  included 
within  the” impact  area  was  25,  and  sinoe  each  animal  was  located  in  the 
center  of  a  20  yd.  sq,  ,  for  purpose#  of  discussion,  the  site  of  the 
impact  area  may  be  regarded  as  10,000  sq.  yd.  The  animal  positions 

on  the  impact  area  and  number  of  impacts  on  each  20  yd.  sq.  is  given 
in  the  following  tablet 


Table  No.  18. 


Impaot  Area  (10,000  sq.  yd.) 


Stake  at  center  20  yd.  square 
97 
99 
117 
119 
121 
137 
139 
141 
143 
159 
161 
163 
166 
181 
183 
185 
187 
203 
205 
207 
209 
226 
227 
229 
231 
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Impacts  within  20  yd.  square 

2 

2 

2 

5 

1 

1 

0 

5 

0 

1 

0 

1 

1 

1 

1 

0 

0 

3 

0 

1 

0 

2 

1 

0 

Total  -32 


Seven  of  the  impacts  included  in  Table  18,  were  outside  of  the  target 
area,  but  were  inoluded  in  the  20  yd.  sq.  oooupied  by  an  animal. 


£.  Estimated  Man  Casualties  from  Liquid  HS« 

(1)  Protected  with  Gas  Mask  but  Without  Protection  of 
Impregnated  Clothing. 

Results  from  paper  panels  given  in  Table  2,  show  that 
personnel  exposed  with  equal  distribution  on  the  target  area  during  the 
firing  period,  would  suffer  about  33%  casualties  from  liquid  HS,  when 
protected  with  gas  mask  but  without  the  protection  of  impregnated 
clothing.  The  percentages  given  in  Table  2  are  based  on  the  entire 
target  area  ifcich  includes  an  area  of  about  10,000  sq.yd.,  on  which 
there  were  no  impacts.  The  figures  given  below,  in  Table  19,  are 
based  on  results  on  the  impact  area  (10,000  sq.yd.)  as  defined  in  para¬ 
graph  8  b,  and  on  which  32  shell  burst. 


Table  Ho.  19. 


Estimated  Man  Casualties  from  Liquid  HS 


on  impact  Area  (l0,006  sq.  ydlj 


Panel 


Panels  contaminated 


Estimated  man  casualties  when  man” 


pattern* 

E3M 

t  is 

protected  with  gas  mask  only 

Heavy  t 

T4 

i  14.7 

t 

14.7% 

Medium* 

18 

*  19.0 

: 

19.0 

Light  t 

20 

*  21.1 

t 

16.9 

Trace  j 

19 

t  20.0 

* 

12.0 

Ho  HS  t 

24 

t  25.2 

t 

Iota!  * 

65 

*  100.0 

t 

5576 

If  32  shell  distributed  on  an  area  of  10,000  sq.yd.  will 
produoe  €2.3  per  cent  casualties  from  liquid  HS  when  man  is  protected 
with  gas  mask,  only,  about  26  shell  distributed  per  100  yd.  sq.  are  re¬ 
quired  to  produoe  50%  casualties. 

(2)  Protected  with  Gas  Mask  and  Standard  Impregnated 
~Clothing. 

Results  given  in  Table  3  show  that  personnel  exposed 
with  equal  distribution  on  the  target  area  during  the  firing  period, 
would  suffer  about  9.2%  oaeualties  from  liquid  HS  when  protected  with 
gas  mask  and  standard  impregnated  clothing.  The  peroent&ges  given 
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In  Table  3  are  based  on  effects  on  the  entire  target  area  which  includes 
an  area  of  about  10,000  sq.yd.  on  which  there  were  no  impacts.  The 
figures  given  below  in  Table  20,  only  include  that  part  of  the  area 
(10,000  sq.yd.)  on  which  the  82  shell,  which  registered  on  the  impact 
area  aotually  bunt. 


Table  Mo.  20. 

Estimated  Man  Casualties  from  Liquid  HS 
on  Impact  Area. 


Size  of  HS 
drops 

ita.  t Estimated  man  casualties  when  man  is 
of  t protected  with  gas  mask  and  standard 
panels i impregnated  clothing 

“g. 

i  Per  panel  % 

t 

Per  cent 

0.5  to  1.0 

6 

i  40 

t 

2*5 

Over  1,0 

19 

«  100 

t 

20.0 

Total 

"  it 

i 

t 

22.6  ~ 

Total  panels  on  impact  area  -  95, 


If  32  shell  distributed  on  an  area  of  10,000  sq.yd. 
will  produce  22,6$  casualties  from  liquid  HS,  when  man  is  protected  with 
gas  mask:  and  standard  impregnated  clothing,  about  71  shell  distributed 
per  100  yd.  sq.  are  required  to  produce  6Q$  man  casualties. 

da  Estimated  Man  Casualties  from  HS  Vapor. 

(1)  Effects  of  Meteorological  Conditions. 

The  vapor  concentration  set  up  from  a  given  number  of 
shell  is  dependent  on  wind  velocity,  air  temperature  and  ground  tempera¬ 
ture.  The  higher  the  wind  velooity,  the  more  the  HS  vapor  is  diluted 
and  the  quicker  it  is  oarried  away.  For  example,  the  effects  from  HS 
vapor  on  a  contaminated  area  would  theoretically  be  only  l/2  as  great  due 
to  dilution,  in  the  presence  of  a  ten  m.p.h.  wind,  as  in  the  presenoe 
of  a  five  m«p.h.  wind,  when  other  factors  are  equal. 

The  rate  of  evaporation  of  the  liquid  HS  from  the  ground 
i6  dependent  on  surfaoe  exposed  and  ground  temperature.  The  vapor  pressure 
of  HS  at  20°C.  is  .0650  aas/Hg  and  at  30°C.,  .ISO  n®/Hg,  so  the  evaporation 
rate  and  vapor  concentration  set  up  at  30°C«  would  be  over  two  times  as 
great  as  at  20°C.  when  other  conditions  are  equal.  It  follows;,  that 
with  other  conditions  equal,  the  vapor  concentration  set  up  is  largely 
dependant  on  the  ground  temperature. 
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One  of  the  most  Important  factors  which  determines  the 
effectiveness  of  HS  vapor  is  the  presence  or  absenoe  of  convection  air 
currents.  If  the  ground  is  warmer  than  the  air(  there  is  a  tendency 
for  HS  vapor  to  rise  with  the  convection  currents  set  up  so  that  the 
HS  vapor  beoomes  rapidly  diluted  and  casualties  are  only  produced  on 
or  near  the  area  contaminated  with  liquid  HS.  where  evaporation  of  the 
HS  is  taking  place.  On  the  other  hand,  if  the  ground  is  oooler  than 
the  air.  oonvection  air  currents  are  set  up  and  there  is  little  ten¬ 
dency  for  the  HS  vapor  to  rise  so  that  casualties  from  HS  vapor  may  be 
produoed  100  yd.  or  more  downwind  from  the  area  contaminated  with  liquid 
HS. 


On  the  day  of  the  present  test,  the  ground  temperature 
was  88°F.  to  92°F.,  and  the  wind  velocity  was  5.3  m.p.h.  at  an  elevation 
of  six  feet*  These  conditions  were  favorable  to  set  up  a  moderately 
high  vapor  oonoentration  on  the  impact  area.  The  ground  temperature 
however,  was  about  26°F.  higher  than  the  air  temperature  so  that  con- 
veetion  air  currents  were  undoubtedly  set  up.  This  theoretically  re¬ 
sulted  in  the  upwind  travel  of  the  HS  vapor  which  prevented  the  building 
up  of  a  high  vapor  concentration  downwind  from  the  area  contaminated  with 
liquid  HS.  Theoretically,  the  meteorological  conditions  during  the 
test  were  not  very  favorable  to  produoe  casualties  from  HS  vapor  outside 
of  the  area  contaminated  with  liquid  HS. 

(2)  Vapor  Concentration  Required  to  Produoe  Man  Casualties. 

A  convenient  method  of  expressing  the  severity  of  exposures 
to  vapor  is  in  terms  of  the  c.t.  value  which  is  vapor  concentration  in 
milligrams  per  liter  times  the  exposure  period  in  minutes.  From  this 
expression,  it  is  evident  that  a  short  exposure  period  to  a  high  vapor 
oonoentration  may  be  equivalent  to  a  long  exposure  period  to  a  low  vapor 
concentration. 


In  considering  man  oasualties  in  the  present  report,  only 
the  vesicant  effeot.  of  ths  HS  vapor  is  considered.  Casualties  from 
HS  vapor,  as  given  in  the  present  report,  are  figured  from  the  c.t.  value 
using  the  valuation  curve  given  on  Graph  1,  attached  to  thie  report.  This 
curve  was  plotted  from  results  of  gae  chamber  tests  given  in  Pharmacological 
Report  No.  318.  Aside  from  the  points  given  on  the  graph  to  establish  the 
curve,  an  additional  point  nBR  is  also  given  to  represent  exposure  in  the 
field  of  a  man  at  Edgewood  Arsenal  who  beoame  a  casualty  for  about  2  weeks 
due  to  vesioant  effeots  of  HS  vapor.  The  vapor  oonoentration  and  ex¬ 
posure  period  of  this  man  was  equivalent  to  a  o.t.  value  of  .043,  whioh 
oor responds  on  the  curve,  to  53  per  oent  man  casualties.  All  men  are 
not  equally  resistant  to  HS  vapor  but  the  man  exposed  was  shown  by  labora¬ 
tory  tests  to  represent  an  average  subject.  If  a  group  of  men,  taken  at 
random,  were  exposed  to  HS  vapor  corresponding  to  a  c.t.  value  of  .043, 
about  53$  of  the  men  exposed  would  be  oasualties  according  to  the 
valuation  curve. 


4 
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(3)  On  the  Target  Area, 


(a)  Firing  Period  and  the  Following  Ten  Minutes. 

From  the  results  of  vapor  samples  in  Table  4,  represent** 
ing  the  firing  period  and  the  following  ten  minutes  as  taken  at  six 
sampling  positions  equally  spaced  on  the  target  area,  it  is  estimated 
that  about  46$  man  casualties  would  result,  when  man  is  protected  with 
gas  mask.  In  the  fifth  column  of  Table  21,  which  follows,  estimated 
nuut  casualties  from  HS  vapor  are  given  for  each  20  yd,  sq»  on  the  entire 
target  area.  The  figures  given  for  eaoh  square  are  estimates  based  on 
results  obtained  at  the  nearest  sampling  positions,  the  positions  and 
number  of  nearest  impacts  and  the  wind  direction.  Estimated  man  casual* 
ties  for  the  total  target  area,  figured  from  estimates  on  each  20  yd.  sq. , 
amount  to  a  total  of  about  46$,  which  very  closely  eheoks  estimated 
casualties  of  45$  given  in  Table  4,  representing  average  results  at  six 
sampling  positions. 

The  per  cent  estimated  casualties  for  each  20  yd,  sq. 
as  given  in  the  fifth  oolumn  of  Table  21,  is  shown  graphically  on 
Chart  3,  The  shaded  area  on  the  chart  indicates  the  percentage  of  the 
area  on  whioh  100$  casualties  would  be  produced  from  Hs  vapor  when  man 
is  proteoted  with  gas  mask  only.  The  per  cent  casualties,  as  shown  on 
Chart  3,  are  based  on  the  effects  of  32  shell.  If  32  shell  distributed 
on  an  area  of  20,000  sq.yd,,  will  produce  48$  casualties,  by  the  effects 
of  HS  vapor,  it  will  require  seventeen  shell  distributed  per  100  yd.  sq. 
to  produce  60$  man  casualties  by  effects  of  HS  vapor.  Of  course,  when 
shell  filled  with  HS  are  fired,  casualties  are  produced  by  liquid  HS, 
as  well  as  by  HS  vapor,  so  that  the  shell  required  in  aotual  operations 
to  produoe  60$  casualties  would  be  less  than  seventeen  figured,  when 
considering  the  effeots  of  vapor  only. 

(b)  Fifty  Minute  Period  Beginning  Ten  Minutes 
After  Firing  Ceased,  ^ 

Estimated  man  casualties  from  HS  vapor,  due  to  effect  of 
exposure  on  the  target  area  for  a  period  of  50  min.,  beginning  ten  minutes 
after  firing  oeased,  are  given  in  Table  5,  The  results  from  vapor  samples 
taken  at  five  sampling  positions  equally  distributed  on  the  target  area, 
as  given  in  Table  5,  show  that  personnel  proteoted  with  gas  mask  only  would 
suffer  about  44$  casualties  due  to  the  vesicant  effect  of  HS  vapor.  The 
part  of  the  target  area  on  whioh  it  is  estimated  100$  casualties  would  be 
produced  is  shown  on  Chart  4, 
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(e)  Four  Hour  Period  Beginning  One  Hour 
illfier  Cassation  of  fire. 

In  Table  7,  estimated  nan  casualties  are  given  represent¬ 
ing  exposures  on  the  target  area  for  a  four  hour  period  beginning  one 
hour  after  firing  oeased.  Samples  were  taken  at  eight  positions  but 
the  results  were  negative  at  five  positions.  The  negative  results  were 
due  to  the  position  of  shell  craters,  wind  direotion  and  also  probably 
due  to  the  fact  that  most  of  the  liquid  BS  had  evaporated  except  at 
positions  in  and  around  the  shell  craters  where  the  amount  of  liquid  HS 
originally  present,  was  greater.  At  sampling  position  L,  vapor  samples 
were  taken  at  elevations  1  and  2  feet.  The  results  at  the  tiro  elevations 
showed  no  differenoe  in  the  vapor  concentrations . 

The  positions  at  whioh  vapor  samples  were  taken  are.  shown 
on  Chart  6.  The  per  oent  shaded  area,  at  eaeh  sampling  position,  represents 
the  percentage  of  the  20  yd.  sq.  on  which  100#  casualties  would  be  produced, 
or  the  per  cent  casualties  on  the  20  yd.  sq. 

(d)  Four  Hour  Period  on  Dsy  Following  the  Test. 

The  results  of  vapor  samples  taken  for  a  period  of  four 
hours  on  the  target  area  on  the  day  following  the  test,  are  given  in 
Table  8.  Three  samples  taken  at  each  of  three  positions,  showed  negative 
results  in  all  eases  but  one.  The  results  obtained  at  one  position  show 
that  it  would  be  unsafe  for  personnel  to  ocoupy  the  area  for  a  period  of 
three  or  four  hours  without  the  protection  of  gas  mask  and  standard  pro¬ 
tective  clothing. 

(•)  Four  Hour  Period  on  the  Scoond  Day  Following  Test. 

The  results  of  vapor  samples  taken  for  a  period  of  four 
hours  on  the  target  area  on  the  second  day  following  the  teat,  are  given 
in  Table  9.  Three  samples  taken  at  eaoh  of  three  positions  showed  negative 
results.  From  these  results  it  would  probably  be  safe  for  personnel 
without  protection  of  gas  mask  or  protective  clothing  to  oooupy  the  area 
during  the  mid  day  period  for  a  period  of  three  or  four  hours  provided  they 
kept  out  of  shell  craters.  The  danger  to  unprotected  personnel  occupying 
the  area  would  be  greater  directly  after  sunset,  due  to  the  absence  of 
convection  air  currents  whioh  is  favorable  for  the  building  up  of  a 
dangerous  HS  vapor  concentration. 

(4)  Outside  of  Target  Area# 

(a)  Firing  Period  end  Following  Hour. 

Estimated  man  casualties  from  HS  vapor,  reaulting  from 
exposure  at  the  various  sampling  positions  outside  of  the  target  area  during 
the  firing  period  and  the  following  hour,  are  given  in  Table  10.  Sampling 
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positions  and  percentage  estimated  man  oaaualtioa  at  sampling  positions 
are  shown  on  Chart  5.  Of  the  firs  sampling  positions  at  which  vapor 
samples  vara  taken  downwind  from  the  target  area,  positions  J,  N,  and 
H  showed  positive  results.  These  results  show  that  ES  vapor  was  effective 
for  a  distance  of  about  46  yd.  downwind  from  the  area  contaminated  with 
liquid  HS  equivalent  to  a  distance  of  about  65  yd.  from  the  position  of 
impact.  Yap  or  saaples  were  also  taken  at  four  positions  upwind  from  the 

target  area,  three  of  whieh  showed  positive  results.  The  presenee  of 
vapor  upwind  from  the  target  area  was  due  to  upwind  impacts  and  probably 
to  a  slight  extent  to  upwind  shell  fired  for  adjustment  of  guns. 

At  many  of  ths  sampling  positions,  vapor  ssmplss  were 
taken  at  elevations  1,  2,  and  4  fast.  The  results  at  about  half  of 
the  sampling  positions  showed  a  higher  vapor  concentration  at  elevations 
of  1  and  2  foot  than  at  4  fast,  but  at  ths  remaining  sampling  positions, 
the  revere#  was  true.  The  vapor  concentration  recorded  at  the  lowest 
elevation  In  the  case  of  eaoh  position  sampled,  was  used  in  figuring 
percentages  and  in  making  up  Chart  6. 

(b) 


Estimated  man  casualties  at  four  positions  outside  of  the 
target  area,  for  the  four  hour  period  beginning  on*  hour  after  firing 
ceased,  are  given  in  Table  11.  Sampling  positions  and  peroentage  estimated 
man  oasualties  at  sampling  positions  are  shown  on  Chart  6.  Of  the  four 
sampling  positions,  H,  H,  Q,  and  U,  positions  H  and  tf  showed  positive 
results.  These  results  show  that  personnel,  with  gas  mask  protection 
of  impregnated  clothing  would  •uffercasualtics  from  HS  vapor  if  stationed 
for  a  period  of  three  or  four  hours*  ten  or  twenty  yards  downwind  from 
the  impact  position,  one  hour  after  firing  oeased. 

e«  Estimated  Casualties  Based  on  Effects  on  Animals. 


Four  Hour  Period  Bei 


One  Hour  After 


Animal  oasualties  and  estimated  man  oasualties  based  on 
ef foots  on  animals  are  recorded  in  Tables  12A  to  17  inclusive .  Also 
animal  positions,  animal  oasualties  and  estimated  man  oasualties,  based 
on  effects  on  animals,  are  shown  on  Charts,  1,  7,  8,  9,  10,  11,  12,  and  IS. 


On  the  Target  Area. 


Period  and  Following  Ten  Minutes. 


Estimated  man  oasualties,  when  man  is  protected  with  gas 
mask  only,  due  to  offsets  of  exposure  on  the  target  area  during  the  firing 
period  and  ten  minutes  are  given  in  Tables  12A  and  12B.  From  the  animal 
oasualties  it  is  estimted  that  man  oasualties  would  be  53{£  based  on  rats 
and  19%  based  on  goats,  or  26£  based  on  rats  and  goats. 


(b)  Firing  Period,  and  Following  Hour* 


Estimated  mb  casualties,  when  nan  li  protected  with 
gee  naelc  only,  dua  to  effeots  of  expo  sura  on  the  target  area  during  the 
firing  period  and  following  hour,  are  given  In  fables  ISA  and  155* 

From  the  aniaal  casualties  it  is  estimated  that  aan  casualties  would  be 
26#  based  on  rats  and  36#  based  on  goats  or  31#  based  on  rats  and  goats* 

(o)  Four  Hour  Period  from  2nd  to  6th  Hour 
After  Firing. 

Estiaated  aan  casualties  when  sun  is  protested  with  gas 
mask  only,  due  to  effects  of  exposure  on  the  target  area  during  the  four 
hour  period  following  the  first  hour  after  firing  oeased,  are  given  in 
fables  14A  and  14B*  From  the  aniaal  results  it  is  estiaated  that  aan 
casualties  would  be  20#  based  on  rats  and  11#  based  on  goats,  or  17# 
based  on  rats  and  goats*  The  positions  of  the  aniaals  exposed  did  not 
oover  all  parts  of  the  target  area,  but  taking  into  consideration  the 
positions  of  the  bursts  as  shown  on  Chart  9,  the  area  on  which  the  aniaale 
were  included  was  probably  representative  of  the  entire  target  area* 

(d)  Twenty-four  Hour  Period  Beginning  Five  Hours 
After  Firing  6eased* 

Estimated  aan  casualties  when  aan  is  protected  with  gas 
Bask  only,  due  to  effects  of  exposure  on  the  target  area  during  the 
24  hr*  after  firing  oeased,  are  given  in  Tables  15A  and  15B*  From  the 
aniaal  casualties,  it  is  estiaated  that  aan  casualties  would  be  88#  based 
on  rats  and  26#  based  on  goats,  or  67#  based  on  rats  and  goats*  The  area 
on  which  the  aniaals  were  exposed  as  shown  on  Chart  10,  did  not  include 
the  whole  target  area,  but  taking  into  consideration  the  position  of  the 
inpaots,  the  effect  on  the  area  covered  by  the  animals  was  probably  represen¬ 
tative  of  the  average  HS  effect  on  the  entire  target  area* 

(2)  Exposure  in  Shell  Craters* 

Estiaated  sen  casualties  when  aan  is  protected  with  gas 
mask  only,  due  to  effects  on  aniaals  exposed  in  shell  oraters  for  a  period 
of  24  hr.,  are  given  in  Tables  16  and  17*  From  the  aniaal  results,  it 
is  estiaated  that  if  the  impact  area  is  oooupied  by  personnel  protected 
with  gas  aask  only  for  a  period  of  24  hr*  beginning  48  hr*  after  firing 
oeased,  casualties  would  result,  but  no  casualties  would  probably  result 
if  oooupied  nine  days  after  firing* 
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(5)  Downwind  from  the  Target  irw> 

(a)  Firing  Period  and  Following  Four  Hours. 

Animal*  exposed  downwind  from  the  target  area  at  positions 
shown  on  Chart  1,  showed  no  casualties.  This  was  partly  due  to  a  shift 
in  the  wind  direction  and  also  to  the  effects  of  oonvwetion  air  currants 
so  that  a  high  vapor  concentration  was  not  produoed  at  the  position  of 
the  downwind  animals. 

f.  Comparison  of  Per  Cent  Estimated  Man  Casualties  Based  on 
“  Weasureaenis  of  the  flaa  donoentration,  and  'by  j£f£cota  on 


>nn 


(1)  Firing  Period  and  Following  Ten  Minutes. 

In  Table  So.  21,  which  follows,  estimated  nan  casualties 
are  given  for  each  20  yd*  square  based  on  the  following  effeots  and  method 
of  figuring  casualties,  when  man  is  protected  with  gas  mask  only,  and  is 
exposed  in  the  target  area  during  the  firing  period  and  following  ten 
minutest 


(a)  HS  liquid  using  panel  data. 

(b)  HS  vapor  from  vapor  samples. 

(o)  Combined  effect  of  HS  liquid  and  HS  vapor. 

(d)  Effeots  on  animals. 

Figures  in  this  table  show  that  100$  casualties  would  be 
produced  on  57$  of  the  area,  based  on  the  combined  effects  of  HS  liquid 
and  vapor,  and  26$  based  on  effeots  on  animals,  or  about  42$  based  on 
the  average  of  the  two  methods  of  figuring  casualties. 
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Table  Mo.  21. 


Tarret  Atm  20.000  a 


•a  Minutes) 


stake  i within 
at  cam  each 


ter  of 
square 


square 


t?r"TTtl 


■an  eaau- 
i  titles 


value tnan  oasu» 
i titles 


tend  vapor 
lEatiaalei? 


man  easu- 
altles 


aasut 1- realties  when  pro- 
i  ties  * iteoted  with  gas 
i  taask  onl 


i 

i  0  t  0 

I  0  I  0 

I  0  I  0 

0  s  0 

I  0  I  0 

I  0  I  0 

0  t  0 

0  «  0 

0  t  0 

0  t  0 

0  t  0 

0  «  0 

o  t  0 

0  I  0 

0  t  0 

0  t  0 

0  :  0 

EgS  Severe i 100 

0  t  0 

0  :  0 

0  :  0 

ER  Mod.  t  0 

0  :  0 

0  t  0 

0  t  0 

E  Mod.  :  0 

0  :  0 

0  t  0 

0  t  0 

ELS  Death:  100 
0  :  0 

R  Light:  0 

0  :  0 

ES  Light:  100 
0  :  0 
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Table  Ho.  21  (Coat'd.) 


Ho.  of ilnpacte 
stake  i within 
at  oen- teach 
ter  oft squats 
square t 

M  liquid 
and  vapot 
Istinated 
■an  casu¬ 
alties^ 

tKstiaatedi  c.t. t Estimated 
man  oasu-  rvalue  man  oasu- 
t  alties  t  t  alties 

t  t  t 

j Animal  lEstinated  nan  oas- 
tcasual- tualtiee  when  pro- 
* t  ties*  tteeted  with  gas 
t  mask  only 

t 

% 

t  t 

% 

T  ” 

or 

t 

* - 

121 

t  6 

93 

t  .60  t 

100 

100 

tESL  Death  t 

100 

133 

t  0 

0 

t  .01  t 

10 

10 

t  0 

t 

0 

136 

t  0 

13 

t  .02  t 

50 

59 

t  0 

t 

0 

137 

t  1 

51 

t  .04  t 

50 

76 

t  0 

t 

0 

139 

t  1 

67 

t  .30  t 

100 

100 

tESL  Death  t 

100 

141 

t  0 

61 

t  .30  t 

100 

100 

t  0 

t 

0 

143 

t  6 

90 

t  .60  t 

100 

100 

t  0 

t 

0 

165 

t  0 

0 

t  .02  t 

30 

50 

t  0 

t 

0 

167 

t  0 

7 

t  .02  t 

30 

36 

t  0 

t 

0 

169 

t  0 

29 

t  .04  t 

60 

66 

t  0 

t 

0 

161 

t  1 

42 

t  .30  t 

100 

100 

tB  Light t 

0 

163 

t  0 

62 

t  .50  t 

100 

100 

t  0 

t 

0 

166 

t  1 

46 

t  *30  t 

100 

100 

t  0 

t 

0 

177 

t  0 

0 

t  .02  t 

30 

30 

t  0 

t 

0 

179 

t  0 

29 

t  .02  t 

30 

51 

tEL  Death t 

100 

181 

t  1 

47 

t  .04  t 

60 

74 

t  0 

t 

0 

163 

t  1 

88 

t  .20  t 

100 

100 

tE»S  Severe i 100 

185 

t  1 

65 

t  .50  t 

100 

100 

t  0 

t 

0 

187 

t  0 

63 

t  .10  t 

93 

97 

t  0 

t 

0 

199 

t  0 

0 

t  .02  t 

30 

30 

t  0 

t 

0 

201 

t  0 

24 

t  .03  t 

43 

67 

t  0 

t 

0 

203 

t  0 

75 

t  .10  t 

93 

98 

t  0 

t 

0 

206 

t  5 

92 

I..50  t 

100 

100 

tE-LS  Death t 100 

207 

96 

t  .50  t 

100 

100 

t  0 

t 

0 

209 

79 

t  .20  t 

100 

100 

t  0 

t 

0 

221 

16 

t  .02  t 

30 

40 

t  0 

t 

0 

223 

iiiH'XiPf 

60 

t  .03  t 

43 

81 

t  0 

t 

0 

226 

80 

t  .03  t 

43 

100 

t  0 

t 

0 

227 

t  2 

95 

t  .35  t 

100 

100 

tES  Mod 

•  : 

100 

229 

M 

90 

t  .36  t 

100 

100 

t  0 

t 

0 

231 

9DH 

65 

t  .10  t 

95 

97 

t  0 

t 

0 

Total  aad  per¬ 
centage*  34*2  »  t  48.7  t  57.0  t  38  t  26 

*See  page  11  for  oode  of  syabols,  lilted  under  this  column 
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The  average  percentages ,  as  given  in  Table  Ho,  21, 
are  based  on  effects  on  the  total  target  area  which  includes  about 
10,000  sq.yd.  on  which  there  was  very  little  or  no  effeet  from  the 
H5  due  to  wind  direction  end  distribution  of  the  shell*  In  Table 
!fo*  22,  which  follows,  results  are  given  to  include  only  the  impact 
area  as  defined  in  paragraph  8  b. 

Table  Ho*  22* 


Impact  -Area  10.000  sq*yd. 

(Firing  iPeriod  and  Following  Ten  Minutes) 


Ho*  of  stakes  (Estimated  nan  casualties  when  nan  is 
at  oenter  of  (protected  with  gas  xask  only 

20  yd.  square  » Based  on  HS  'liquid  t Based  on  effects  on 
tend  vapor  staples  t  animals 

t 

%  i 

97  « 

100  i 

■  . 

99  t 

100  t 

100 

117  i 

100  t 

100 

119  * 

100  t 

121  t 

100  t 

100 

187  t 

76  i 

159  t 

100  i 

100 

141  t 

100  i 

148  i 

100  t 

0 

159  t 

65  t 

161  i 

100  i 

0 

165  t 

100  i 

166  i 

100  t 

0 

181  t 

74  « 

183  t 

100  * 

100 

186  t 

100  < 

187  i 

97  t 

0 

203  t 

98  « 

206  t 

100  t 

100 

207  * 

100  i 

209  t 

100  l 

0 

226  s 

100  i 

227  i 

100  i 

100 

229  t 

100  I 

231  « 

97  t 

0 

Average  t 

96£  t 

51£ - 
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Estimated  casualties,  given  la  Table  lo.  22,  are  bated 
oa  aa  area  of  10,000  sq.yd.  on  which  32  ahell  were  effective.  The 
figures  in  this  table  show  aa  average  of  98#  nan  casualties,  based  on 
the  effeots  of  HS  liquid  and  vapor  samples  end  64%  based  oa  the  effects 
on  animals,  or  aa  average  of  75#  based  oa  the  two  methods  of  figuring 
casualties. 


(2)  Firing  Period  and  Following  hour. 

la  Table  Mo.  23,  which  follows,  estimated  wan  casualties 
are  given  for  each  20  yd.  sq.  based  on  the  following  effedts  and  method 
of  figuring  casualties,  when  man  protected  with  gas  mask  only,  is  ex¬ 
posed  on  the  target  area  during  the  firing  period  and  the  following 
hour. 


(a)  HS  liquid  using  panel  data. 

(b)  HS  vapor  from  vapor  samples. 

(o)  Combined  effect  of  HS  liquid  and  HS  vapor. 

Figures  in  this  table  show  10Q %  estiaated  casualties 
on  69#  of  the  area,  based  on  the  combined  effects  of  HS  liquid  and 
vapor,  and  51#  based  on  effects  oa  animals ,  or  about  46#  based  on  the 
average  of  the  two  methods  of  figuring  casualties. 
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Table  Mo,  28. 


Target  Area  20.000  sq.yd. 
(Firing  Period  and  Following  Hour) 


rfo.  of 
stake 
at  cen¬ 
ter  of 
square 

Inpaots 

within 

each 

square 

EU323H 

fuinimr. i 

nan  and  animals 

(Estimated  t  c.t.  > Estimated  sand  vaponlnimal  (Estimated  nan  cas- 
man  casu- rvalue taan  oasu-j Estimated! casual- tualties  when  pro* 
alties  t  talties  taan  easu-t  ties*  itected  with  gas 

t  t  t  alties^  t  mask  only 

* 

i  1 

% 

1  * 

«  i  * 

1 

0 

0 

t  #0  i 

0 

t  0 

t  0  > 

0 

5 

0 

0 

t  *0  t 

0 

i  0 

t  0  t 

0 

6 

0 

20 

i  *0  t 

0 

t  20 

i  0  t 

0 

7 

0 

20 

t  *0  t 

0 

t  20 

t  0  1 

0 

9 

0 

40 

t  *02  t 

30 

t  58 

t  0  t 

0 

11 

0 

46 

t  o02  t 

30 

t  61 

t  0  t 

0 

25 

0 

0 

t  *0  t 

0 

t  0 

t  0  « 

0 

26 

0 

0 

t  *0  t 

0 

i  0 

t  0  t 

0 

27 

0 

0 

t  *012 t 

15 

t  16 

t  0  t 

0 

29 

0 

0 

t  .012 1 

15 

t  15 

1  0  t 

0 

51 

0 

13 

t  .02  t 

50 

t  59 

t  o  « 

0 

55 

1 

54 

t  .02  t 

50 

t  67 

«  0  1 

0 

46 

0 

0 

i  .012 i 

16 

i  16 

ifi  Light! 

0 

47 

0 

0 

t  .012 1 

16 

t  15 

t  0  i 

0 

49 

0 

0 

t  .012 i 

15 

t  16 

!  0  | 

0 

51 

0 

0 

t  .067 i 

62 

*  62 

!  0  1 

0 

65 

0 

20 

t  .057 1 

62 

j  70 

t  0  : 

0 

66 

0 

67 

t  .08  i 

80 

t  93 

t  0  t 

0 

67 

0 

0 

«  .012t 

16 

t  15 

tE  Mod.  t 

0 

69 

0 

0 

t  .012i 

16 

t  15 

t  0  t 

0 

71 

0 

7 

t  .012 i 

15 

t  21 

lER  Light! 

0 

75 

0 

54 

t  .067 i 

62 

t  76 

!  0  ! 

0 

76 

0 

40 

t  .067 « 

62 

i  77 

1  0  ! 

0 

77 

0 

64 

«  .12  i 

100 

t  100 

!  0  | 

0 

89 

0 

0 

«  .016 t 

20 

t  20 

i  0  t 

0 

91 

0 

0 

t  .016i 

20 

t  20 

!  0  1 

0 

95 

0 

18 

i  .026 i 

40 

t  48 

!  0  ! 

0 

95 

0 

58 

t  .04  t 

50 

t  69 

<  0  t 

0 

97 

2 

54 

«  .40  t 

100 

t  100 

tBLS  Death! 

100 

99 

2 

76 

«  .40  t 

100 

t  100 

!  0  ! 

0 

111 

0 

0 

t  .016t 

20 

i  20 

tEL  Death! 

100 

115 

0 

7 

t  .027 i 

53 

t  58 

1  0  1 

0 

116 

0 

38 

t  .027 t 

55 

t  68 

!  0  ! 

0 

117 

2 

46 

t  .175i 

100 

t  100 

!  0  ( 

0 

119 

2 

56 

t  .175 t 

100 

t  100 

tSE  Light! 

100 

121 

5 

95 

t  .70  i 

100 

t  100 

!  0  1 

0 

123 

0 

0 

t  .012 1 

15 

t  16 

t  0  ! 

0 
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Table  Bo.  23  (Coat'd.) 


loVol 

(Impacts 

i — ssn 

rap  or 

•W-y.'Wrxrryri 

stake 
at  cen¬ 
ter  of 
square 

tvithia 

teaeh 

(square 

Estimated 
■an  casu¬ 
alties 

(  e.i.  i' 
(value  (i 
(  ( 

(  ( 

Sstimted  (and  Yap  or 
san  oasu-  (Estimated 
alties  usan  ea.su- 
(  alties 

(Animal  (Estimated  man  cas- 
( casual- (  ualties  when  pro- 
(  ties*  (tested  with  gas 
(  (mask  only 

% 

% 

*  % 

i  %  * 

5* 

136 

(  0 

13 

(  .026 ( 

40 

(  48 

(  0  ( 

0 

137 

(  1 

61 

(  .04  t 

60 

(  76 

(  0  ( 

0 

139 

(  1 

67 

(  .40  ( 

100 

(  100 

(  0  ( 

0 

141 

(  0 

51 

(  .40  ( 

100 

(  100 

(EgBS  Severe (100 

143 

(  4 

90 

(  .80  ( 

100 

(  100 

(  0  ( 

0 

166 

(  0 

0 

(  .026 ( 

40 

(  40 

(E  Light ( 

0 

167 

(  0 

7 

(  .046 ( 

63 

(  66 

(  0  t 

0 

169 

(  0 

29 

(  .046 . 

63 

(  66 

(  0  ( 

0 

161 

(  1 

42 

(  .40  ( 

100 

(  100 

(  0  t 

0 

163 

(  0 

62 

(  .58  ( 

100 

(  100 

(S  Mod.  ( 

100 

165 

(  1 

46 

(  .58  ( 

100 

(  100 

(  0  ( 

0 

177 

(  0 

0 

(  <026 » 

40 

(  40 

(  0  ( 

0 

179 

(  0 

29 

(  .046 ( 

68 

(  66 

(  0  ( 

0 

181 

(  1 

47 

(  .046 t 

68 

(  75 

(EE  Severe ( 

100 

183 

(  1 

38 

(  .68  t 

100 

(  100 

(  0  ( 

0 

186 

(  1 

66 

(  .58  ( 

100 

(  100 

(ESS  Severe (100 

187 

(  0 

63 

(  .68  ( 

100 

(  100 

(  0  ( 

0 

199 

(  0 

0 

(  .026 ( 

40 

(  40 

(  0  i 

0 

201 

(  0 

24 

(  .04  ( 

50 

(  62 

i  0  ( 

0 

203 

(  0 

76 

(  .60  ( 

100 

(  100 

(ER% Severe (100 

205 

(  8 

92 

(  .60  ( 

100 

(  100 

(  0  ( 

0 

207 

(  0 

96 

(  .40  ( 

100 

(  100 

(  0  ( 

0 

209 

(  1 

79 

(  .26  ( 

100 

(  100 

(  0  ( 

0 

221 

(  0 

16 

(  .026 ( 

40 

(  49 

(  0  ( 

0 

223 

(  0 

50 

(  .051 ( 

60 

(  80 

(  0  ( 

0 

226 

(  0 

80 

(  .061 ( 

60 

((  100 

(EgES  Severe (100 

227 

(  2 

93 

(1.60  t 

100 

(  100 

(  0  ( 

0 

229 

(  1 

90 

(1.60  ( 

100 

(  100 

(LE  Death  ( 

100 

251 

(  0 

85 

(  .16  ( 

100 

(  100 

(  0  ( 

0 

totals 

and 

Ays. 

(  32 

34.2 

(  ( 

66.1 

(  69.6 

(  44  ( 

31 

♦See  page  11  for  oode  of  symbols  listed  under  this  column. 
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Par  o«nt  estimated  casualties,  based  on  the  HS  concen¬ 
tration,  as  obtained  from  HS  liquid  and  vapor  samples,  given  in  Tables 
21,  22,  and  23,  are  about  double  the  par  cent  casual ties,  based  on 
effects  on  animals.  Estimates  based  on  effects  on  aniaals,  were  very 
conservatively  made  and  are  probably  low, 

£•  luaber  of  Shell  Required  to  Produoe  50$  Man  Casualties, 

In  the  present  test,  the  impacts  are  segregated  to  too 
great  an  extent  to  determine  the  minimum  number  of  shell  required,  under 
the  prevailing  meteorological  conditions,  to  produoe  50$  oasualties. 

This  is  indicated  by  the  faot  that  on  some  twenty  yard  squares,  as  many 
as  four  or  fire  shell  burst  whereas  one  may  have  been  sufficient  to 
produce  10C$  casualties.  If  the  excess  shell  had  been  distributed 
to  other  parts  of  the  area,  additional  casualties  would  probably  have 
been  produced.  It  would  probably  be  impracticable  to  distribute  the 
shell  over  the  target  to  produoe  maximum  effects  and  the  present  tost 
is  probably  representative  of  average  distribution  in  praotioe. 

It  was  stated  in  paragraph  8  o  (1),  that  about  26  shell 
distributed  per  100  yd,  eq,  will  produoe  60$  oasualties  from  liquid  HS 
when  man  is  protected  with  gas  mask  only. 

Prom  figures  given  in  Table  22,  it  was  estimated  that 
the  impact  of  32  shell  on  a  100  yd,  sq,  would  produoe  96$  oasualties 
based  on  effects  of  HS  liquid  and  vapor  and  54$  based  on  effects  on 
animals,  when  exposed  during  the  firing  period  and  following  ten  minutes. 
On  this  basis,  the  following  number  of  shell  per  100  yd.  sq,f  will  be 
required  to  produoe  60$  oasualties  when  man  is  protected  with  gas  mask 
only  i 

Based  on  HS  liquid  and  vapor  samples  •  17  shell 

Based  on  effects  on  aniaals  •30  " 

Av.  •n24  " 

Based  on  the  two  methods  of  figuring  oasualties,  about 
25  shell  distributed  are  required  per  100  yard  square  to  produoe  60$  oas¬ 
ualties,  when  man  is  protected  with  g&s  mask  only. 

9,  Conclusions, 

Prom  the  results  of  the  present  test,  the  following  con¬ 
clusions  are  drawn  with  respect  to  the  use  of  156-nsa.  howitter  shell, 
filled  with  HS,  when  fired  under  the  meteorological  conditions  whioh 
existed  at  the  time  of  the  present  testi 
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t,  When  un  is  exposed  on  the  impact  ares  during  the 
firing  period  and  following  tea  minutes,  the  number  of  shell  required 
per  100  yd*  sq,  to  produoe  8($  oasualties  when  distributed  as  equally 
as  practicable,  are  as  follows i 

(1)  When  man  is  protected  with  gas  mask  and 
standard  impregnated  clothing  -  71  shell  (see  page  20)* 

(2)  When  nan  is  protected  with  gas  mask  only  - 
24  shell  (see  page  33), 

b.  If  the  impact  area  is  occupied  by  personnel, 
protected  with  gas  mask  only,  within  48  hr*  after  being  shelled, 
casualties  will  result  (sss  page  26) • 

o»  Personnel  protected  with  gas  mask  only,  stationed 
downwind  within  66  yd*  from  the  position  of  impact  during  the  firing 
period  and  directly  after,  will  suffer  oaeualties  from  the  vesicant 
effects  of  HS  vapor  (sec  page  24) » 

10,  Reooieaondatlons .  It  is  reecsssended  that  this  test  be 
repeated  and  an  attempt  be  made  to  obtain  better  distribution  of  the 
impaots  on  the  target  area. 
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Submitted t 


/s/  B.G.  Maointire, 

b.  a.  jaflHHikk; 

Weapons  Departsaent, 

Munitions  Development  Division. 


RaooJBUonding  approval  i 


Report  of  Tot  of  HS-Fllled 
Iss-rca*  Howitsar  Shall • 

fasi  x  - 


Project t  A  l,V»lb* 


/a/  Charles  E.  Loucks , 

MTOTT 


l/JUCKS  i 
Captain,  C*W.S», 

Chief,  Munitions  Development  Division* 


Approved! 

Typed  by  hh  ) 

Sept.  26,  1932) 

/s/  E,  Montgomery, 

e:  MBiwaMng: - 

Major,  C.W.S., 
Teohnioal  Director* 
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BATTERY  "C"  6TH*FI3ELB  artillery 
Fort  Hoyle  Maryland* 

May  24,  1933. 


UEMORAEDUM  TO-  The  Technical  Director,  Idgewood  Arsenal 

Md. 


In  compliance  with  instructions  contained  in  letter  to 
Commanding  General,  Ft.  Hoyle, concerning  Mustard  Gas  Shoot 
of  155mm  Howitzers  manned  by  this  battery  the  following  report 
is  submitted: 


B .C • ' eCommands 

Elev„ 

Sensinge 

Remarks. 

Compass  3208, On  #1 
4,8hell  Mustard  Gas 

A 

Eharge  5, Fuse  Long, 

#1,  lRd. 

272 

300  Left  Short 

230 

70 

* 

■  DUD  (#1  out 

to  repair 

- 

Breechblock 

#2  ,  lRd 

290 

300 

Left, 

Short 

310 

80 

H 

N 

330 

320 

250 

180 

Rijfttfc 

,  Over 

H 

315 

30 

ii 

H 

312 

30 

ii 

II 

311 

10 

ii 

»l 

2  Rds 

311 

40 

H 

H 

Line  (Rotating  Eand  came  off) 

1  Rd 

211 

90 

Rig 

lit, Over 

i*3  mark  Base  Def. 

fZ  Adjust 

9 

#3,  1  Rd, 

311 

50 

ii 

H 

310 

30 

ii 

II 

jf3  meric  Rase  Def, 

#4  Adjust 

U  ,  1  Rd 

310 

? 

Short,  Def  Short 

Left  10, 

310 

Line  " 

"  *  dud 

Left  5 

310 

25 

Rif  th 

, Over, Def .Over  EUD 

Left  5 

210 

115 

Left 

,  Short,/ (#4  mark  B.E 

fcl,  1  Rd. 

310 

80 

Rivfct, 

Over 

310 

3 

ii  “ 

"  Def. OK. 

END  OF 

ADJUSTMENT . 

FIRS  FOR  EFFECT. 

Ease  Def.  Right  45  on  #1  Open  5, 

Battery  6  Rds  310  3  Overs,  1  Short 


1  DUD 


310 

310 

ry  ■*  a_ 

•vrv 

310 

310 

8  Rds  307 


307 

307 

Right  5,  3  Rds 
313 

313 


2  Overs,  1  Line, 
1  " 

■3 - “ - 

1  " 

»  '' 

O'*  IT 


2  »' 

$  '*  IT, 


1  Short. 


1  "  1  DUD 

3  ’’(This  elev.  50  yds 
short  of  center  of 
impact. ) 

2  " 

3  » 


3  '« 

3  «' 


1 

1 


"(This  elev. 50  yds  over 
center  of  irroact) 

n 


NOTE-  All  ee^finga  iiiFi^e  for  Effect _made  on 
center  oanel  jof^area. 


'T/  McMahon 
Capt.  Sta.F.A. 
Commanding. 


zap 


iiKISSiSi 


ill  i|i  ili 

A  IMIhBI  jfesSEKiRSlRkfcp'^J^P?^ 


^  «=!#  mmtm  i-MH 


mm%wM 

mmmmwm 


ams 


ia:jiHaii5aaafi|^ai|[aj^|g^ttg|iK^aflpjaa  kb 


ilBflflHSlBHm 

mhhs  -  liSiiypiiispr: 


Appendix  C 


REPORT 


OF 

TEST  OF  HS "FILLED  166-mu  HOWITZER  SHELL 
TEST  B  -  JURE  11,  1932 


li  Object.  The  object  of  this  teat  wa a  to  date  mine  the 
number  of  life -mm.  howitser  ahell  filled  with  HS(  which  la  required  in 
open  count ry  under  the  meteorological  oonditiona  whioh  eziated  at  the 
time  of  the  teat  to  produce  50$  oaaual td.ee,  requiring  evacuation  for 
hospitalisation. 

2.  Authority#  This  test  was  conducted  under  authority  contained 
in  3rd  Indorsement  f  ram  the  office  of  the  Chief  of  Ordnanoe,  Washington, 
D.C. ,  Oct.  22,  1931,  to  Ordnance  Offieer,  Edgewood  Arsenal,  Maryland 
(0*0  471/7466}  CWS  47 l/Zllt  EO  471.1/698. 

8.  PrcTloue  Teats.  A  test  was  oonduoted  on  February  16  and  17, 
1932,  in  wk£oh  36  shell  from  each  of  four  lots  of  shell,  representing 
the  shell  used  in  the  present  test,  were  fired  from  service  weapons 
to  determine  if  the  shell  functioned  nonsally,  but  no  attempt  was  made 
in  the  test  to  determine  the  gas  concentration  set  up.  A  second  test 
was  oonduoted  on  May  23,  1932,  in  whioh  40  shell  were  fired  for  impact 
on  a  target  100  yd.  wide  by  200  yd.  deep.  The  effectiveness  of  the 
gas  concentration  set  up  in  this  test  was  determined  by  (1)  effect  on 
animals,  (2)  by  use  of  paper  panels  to  determine  pattern  produced  by 
liquid  HS,  and  (3)  by  the  use  of  vapor  sampling  machines  to  determine 
vapor  concentration.  From  a  preliminary  study  of  the  results  of  this 
test,  it  was  estimated  that  it  would  require  about  26  shell  per  100 
yd.  sq. ,  to  produce  60$  casualties,  when  man  is  protected  with  gas  mask 
only. 


4.  Materials  Used. 

a.  Shell.  The  shell  used  in  the  present  test,  were  the 
Mk.  II,  lsT-smu  kowitser  filled  with  HS.  They  were  taken  from  War 
Reserve  at  Edgewood  Arsenal  and  represent  a  lot  whioh  were  filled  at 
Edgewood  Arsenal  in  the  years  1921-22,  for  shipment  to  the  Hawaiian 
Islands.  The  HS  used  in  filling  the  shell  was  from  War  Reserve 
and  was  probably  made  by  the  Levinstein  process.  The  void  used  in 
filling  the  HS  into  the  shell  is  not  known,  but  was  probably  about 
10$,  based  on  the  maximum  volume  of  the  shell. 
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b.  Booster.  The  booster  used  was  the  Mk.  TIB,  which  con¬ 
tained  a  bursting  charge  of  29  g.  of  tetryl  end  263  g.  of  TNT*  A  visual 
examination  of  the  boosters,  as  assembled  in  the  shell,  showed  that  a 
large  percentage  of  them  were  improperly  seated*  In  the  oase  of  some 
shell,  as  many  as  seven  or  eight  booster  threads  were  exposed* 

_«•  Fuse.  The  fuse  used  was  the  Mk.  Ill,  super  quick  point 
detonating" fuse. 

d«  lumber  of  Shell  Need,  Forty  of  these  shell,  as  taken 
from  stock” in  War  fieserve,  were  used  for  adjustment  and  forty  for  effeet* 

je*  Howitsers  Used.  A  battery  of  four  155-au  howitsers  was 
used  under” oo— 555  of  Captain  MaoMahon  of  the  6th  Field  Artillery.  The 
position  of  the  howitsers  was  on  MC"  field  in  the  vioinity  of  coordinates 
690*4,  1869*1,  as  shown  on  the  spedal  military  nap  of  Gun  Powder  Neok, 
prepared  under  the  direction  of  the  Chief  of  Engineers,  U.S.  Army,  1925. 

5.  Target  Area*  The  target  area  was  rectangular,  100  yd.  wide 
by  200  yd*  deep*  TEe  area  was  located  in  open  oountry  covered  with  weeds 
end  grass  1-1/2  to  2  ft.  high.  The  vegetation  on  two-thi rds  of  the  area 
was  lig^it  but  heavy  on  the  remaining  third.  The  area  located  on  WHW 
field  was  in  the  vicinity  of  coordinates  690*6,  1864*0*  In  preparing 
the  area  it  was  divided  into  ten  yard  squares  by  placing  numbered  stakes 
at  ten  yard  intervals*  Paper  panels,  sampling  machines,  and  animals  were 
placed  on  the  area  to  detendne  the  effectiveness  of  the  gas  concentration 
set  up.  Chart  1  accompanying  this  report,  shows  the  target  area  as  it 
waeprspared  for  the  test  with  positions  of  animals,  panels  and  sampling 
machines. 

6.  Experimental* 

a«  Method  of  Conducting  the  Teat.  After  adjustment  of 
howitsers  "the  shell  lor  effect  were  fired  as  rapidly  as  possible  with 
ehange  in  elevation  for  equal  distribution  of  impacts  over  the  target 
area.  After  completing  the  firing  of  the  shell,  the  paper  panels  were 
collected  for  tabulation  of  results  and  the  animals  on  the  target  area  and 
at  positions  downwind  from  the  target  area,  were  removed  at  definite  periods 
and  replaoed  by  other  animals*  Also  during  the  firing  period  and  the 
animal  exposure  periods,  vapor  samples  were  taken  with  the  use  of  field 
sampling  machines.  The  meteorological  data  was  recorded  during  the 
period  of  the  test* 

b.  Firing  of  Shell. 

(1)  Adjustment  of  Bowitsors*  The  howitsers  were  adjusted 
in  parallel  on  a  target  aboui  1 66  yd.  east  of  the  target  area,  using 
40  shell  filled  with  HS«  Adjustment  firing  was  from  7*22  a.m.  to  8i29  a.m. 
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Oaring  adjustment  firing,  fire  duds  and  thraa  low  ordar  bursts  war*  noted* 

(2)  Firing  for  Bffeot*  Whan  firing  for  affect,  the 
howitzers  were  ranged  In  parallel  on  the  target  area  using  two  elrrations* 
One  half  of  the  shell  were  fired  for  impaot  on  a  line  50  yd*  beyond  the 
oenter  of  the  area  and  the  balance  for  inpaot  on  a  line  50  yd*  short  of 
the  oenter*  The  range  was  about  5,100  yd*  Firing  for  effect  started 
at  9i06  a*n*  and  ended  at  9tl6  a*a*,  a  period  of  eleven  minutes*  Of  the 
40  shell  fired,  oae  dud  and  two  low  order  bursts  were  noted*  A.  photo- 
atatie  oopy  of  a  memorandum  dated  August  4,  1952,  to  the  Teebnioal 
Director  from  the  Battery  Commander,  giving  the  firing  data  by  round  ia 
attached  to  this  report* 

(3)  Impacts  *  The  positions  of  the  impaote  are  shown  on 

Chart  2*  Of  the  40  shell  fired  for  effect,  31  registered  on  the  target 
area  and  tha  remaining  nine  within  50  yd*  of  the  edge  of  the  target  area* 

«•  Meteorological  Conditions*  Tha  following  meteorological 
conditions'” p retailed  during  tha  firing  period  and  the  periods  following 
during  which  vapor  samples  were  taken  and  animals  were  exposed  on  the 
target  areat 

Date  -  6/11/32  -  6/11/32  -  6/11/32 

Tine  «  9»06  to  9t26  a*m*  -  9  j26  to  10*16  a*m.»  10tl6  a*m* 

to  2tl6  p*m* 

Air  temperature,  °F.  -  68  -  68  to  72  -  72  to  77 

around  temperature,  °F*  88  to  92  -  92  to  100  •  100  to  110 

around  condition  -  dry  -  dry  -  dry 

Relative  humidity,  %  -  66  -  66  to  52  -  50 

Wind  -velocity,  m*p*h  -  5*5  -  4*8  -  3*0 

Wind  direction  -  HE  -  .  E  to  H  -  E  to  S  to  W 

Sky  -  olear  -  clear  -  hasy 


7*  Results* 
a. 

(1)  Site  of  Liquid  BS  Drops*  The  distribution  of  liquid 
HS  was  registered  by  means  of  paper  panels  eight  inches  by  eight  inohes, 
plaoed  flat  on  the  ground  at  eaoh  stake  position  over  the  entire  target 
area*  The  panels  having  drops  in  exoass  of  0*05  mg*  are  tabulated  in 
the  following  tablet 
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Table  Mo.  1. 


Sise  of  HS  Drops* 


Mo*  of  dropi 
per  panel 

i  «  »o. 

o f  panel*  classified 

t*06  toil  to  t»8  to  il*01  to (Over 
t«l  mg*  t*8  mg* 1.0  mj>i  S.O  mg.  *3.0  mg* 

1 

i  o 

i  10  * 

5 

.  5  i 

0 

2  to  10 

i  25 

i  IS  i 

4 

t  4  t 

2 

11  to  20 

t  6 

i  0  t 

2 

t  0  t 

0 

Over  20 

t  12 

i  1  t 

t  0  t 

0 

Total  panel*  ha  Ting  drops  of  *06  mg.  or  greater  -  49 
"  ”  expos  ad  on  target  area  -<228 


(2)  Batina ted  Man  Casualties  from  Liquid  BS. 

(a)  Man  Proteood  with  Gas  Mask  hut  Without  the 
ftroteoilon  of  Impregnated  clothing. 

The  paper  panels  were  tabulated  for  density  of  pattern 
using  the  gradings  heavy,  medium,  light  and  traos.  A  photostat  of  the 
scale  used  in  grading  the  panels  is  attaohed  to  this  report*  The  panel 
gradings  are  tabulated  in  the  following  table,  together  with  estimated 
man  casualties! 


Table  Ho.  2. 


Estimated  Man  Casualties  on  Target  Area  from  Liquid  ES. 


Panel 
pattern  i" 

t 

t 

Panels  olassified 
Mo*  i j£  of  total 
ton  target 
t  area 

t 

• 

t 

t 

t 

mTOeTSsEeJ  m 

ualties 

tn  oas- 

t 

t 

t 

it 

Heavy  t 

8 

t 

5*5 

t 

3*6 

Medium  i 

19 

t 

8.5 

t 

8*5 

Light  i 

44 

t 

19*5 

t 

16*4 

Trace  t 

62 

t 

27*2 

t 

16*5 

Ho  HS  t 

96 

t 

t 

Total  k 

Av*.  i 

226 

t 

66.5 

t 

43*6 
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From  panel  data  given  in  Table  Ho.  2,  it  ia  estimated  that  personnel 
exposed  on  the  target  area  during  the  firing  period,  protected  with 
gas  mask  only,  would  suffer  about  46%  casualties ,  if  they  are  dis¬ 
tributed.  The  position  of  shell  craters  and  estinated  nan  casualties 
from  liquid  HS  are  shown  graphically  on  Chart  2* 

Notes  The  estimated  man  casualties  as  given  in  Table  2,  above, 
are  based  on  estinated  furnished  by  the  Protected  Development  Division 
in  memorandum  of  October  22,  1931,  to  the  Engineering  Division,  as 
follows t 


Panel  t 
pattern  t 

t 

Estimated  man  casualties  through 
standard  issue  of  unimpregnated 
elothing 

t 

Heavy  t 

1  i 

100 

Medium  t 

100 

Light  t 

60 

Trace  s 

60 

(b)  Man  Protested  with  Oas  Mask  and  Standard 
Imprepiaied  tilotiiing.  ' 

The  paper  panels  were  tabulated  for  number  of  HS  drops 
on  panels  in  which  the  drq?  site  was  in  excess  of  0.5  mg*  The  results 
of  the  tabulation,  together  with  estimated  mast  casualties,  are  given 
in  the  following  tablet 


Table  Ho. 3. 

Estimated  Man  Casualties  on  Target  Area 
from  Liquid  HS. 


Site  oi  T  *o.  oft  Estimated  man  casual -tiles'  When 
HS  drops t  panels  t  protected  with  gas  mask  and 

"  mg." " '  t  '  '  " '  '  Tpsl^snerT«Swre,*p^^,*""—i 
•6  to  1.0t  11  t  40% 

Over  l.Ot  6  t  100% 

Total  t  TT~  t 


tent  I  re  ^at^s^area 
1.9% 


2.6% 


Total  number  of  panels  on  area  -  226. 
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From  panel  data  given  in  Table  Ho*  5,  it  is  ea tine ted 
that  personnel  protected  vlth  gas  mask  and  standard  impregnated  clothing, 
■would  suffer  4.6 %  casualties  by  effeets  of  liquid  HS,  if  exposed  with  dis¬ 
tribution  on  the  target  area,  during  the  firing  period. 

Motet  The  per  eent  estimated  man  casualties  given  in  the  last 
oolunn  of  Table  Ho.  5,  is  based  on  laboratory  tests  by  the  Protective 
Development  Division,  the  results  of  which  are  given  in  memorandum  of 
August  6,  1951  to  tbs  Technical  Director.  These  tests  showed  that 
liquid  HS  penetrated  two  layers  of  standard  protective  clothing  and 
produced  casualties  as  follows t 

HS  drops  0.6  mg.  in  size  - 

«l  N  q  7  "  "  n  m 

n  »  ole  "  *  »  - 

b.  Estimated  Man  Casualties  from  HS  Vapor.  Sampling  machines 
were  place”?  to  take  vapor  sample*  at  positions  indicated  on  Chart  1. 

In  each  of  the  tables  which  follow,  representing  different  sampling 
periods,  the  sampling  positions  used  are  designated.  The  HS  vapor 
concentration,  o.t.  value,  and  per  eent  estimated  man  casualties,  as 
estimated  from  the  vapor  concentration ,  are  also  inoluded  in  each  of 
the  tables. 


40 $  man  casualties 

80$  " 

100$  "  " 


The  o.t.  value  is  efual  to  the  vapor  concentration  in 
milligrams  per  liter  times  the  exposure  period  in  minutes*  Estimated 
man  casualties  are  based  on  the  c.t.  value  using  the  valuation  curve 
given  on  Graph  1,  attached  to  this  report.  The  per  cent  estimated 
man  casualties  in  the  following  tables  represent  man  protected  with 
gas  mask,  but  without  the  protection  of  impregnated  clothing. 

(1)  On  the  Target  Area* 

(a)  Firing  Period  Plus  Ten  Minutes. 

Table  Bo.  4* 


Sampling liberation iVol.  of 
positions  of  sair  sam- 


S sapling 
period 


iVapor 
sampled  icon on. 


c.t. s Estimated ' 
values casualties  when 


t 

s 

sample 

s 

s 

pled  s 
s 

s 

s 

sman  is  protec 
swith  gas  mas) 

n 

MjXm 

1 

tnrrrm 

s  mg* 

smg./l. 

s 

fo 

G 

K9 

Ijnjg 

w 

690  s 

IT 

s  17.1 

to 0290 

s  .49 

s 

100 

X 

H 

w 

750  s 

21 

s  6.6 

1.0089 

t  .19 

s 

100 

L 

H 

H 

650  s 

20 

s  0 

s  0 

s  0 

s 

0 

0 

H 

n 

24 

s  4.0 

s.0049 

s  .12 

s 

100 

P 

H 

K 

25 

s  0 

s  0 

s  0 

s 

0 

At. 


60 
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(b)  Fifty  Minute  period  Starting  Tern  Minutes 
Al*ter  Firing  Ceased. 


Tablejfo.6. 


Sampling 

position 

iteration tVol.  of 
i  of  tair  sam- 
t  sample  t  pled 

t  t 

m 

“is — 

sampled 

(Vapor 
toon  on. 

t 

t 

s.t. t  Estimated  man 
relue (casualties  when 
tman  is  protected 
twith  gas  mask  only 

i  ft; 

t  liters 

min.  i 

■g. 

Erma. 

i 

% 

a 

i  0 

t  I860 

52  t 

16.7 

1.0084 

•44  t 

100 

I 

<  i 

i  1770 

51  ( 

2.5 

t.0014 

.072* 

74 

L 

<  i 

t  I860 

52  ( 

0.8 

1,0004 

.02  i 

30 

0 

t  0 

t  872 

51  t 

2.9 

t.0055 

.16  i 

100 

P 

t  0 

«  1884 

56  i 

0 

t  0 

0  i 

0 

F 

<  0 

t  1762 

50  t 

6.7 

t.0038 

•  19  t 

100 

Trl - 50 


(e)  Firing  Period  Plus  One  Hour, 


Table  No.  6. 


Sampling 

position 

Elew&tlom :7il»  of (Sampling 
of  (air  sum  period 

sample  (  pled  t 

(  ( 

HS  (  Vapor t 

(sampled  ( con  on.  ( 
(  ( 

(  ( 

o.t. 

ralue 

(Estimated  man 
(oasualtles  when 
(man  is  protected 
(With  gas  mask  only 

*57— 

(  liters ( 

min. 

mg. 

(mg./l. t 

( 

B 

1 

(  1664  ( 

45 

15.7 

(.0190  ( 

•46 

( 

100 

F 

0 

(  1762  ( 

50 

6,7 

(.0038  ( 

•19 

( 

100 

Q 

0 

(  2460  ( 

■as 

32.8 

t.0134  ( 

.95 

( 

100 

K 

1 

(  2500  t 

mjm 

9,0 

(.0036  ( 

.26 

( 

100 

L 

1 

(  2490  ( 

WSk  . 

0.6 

(.0003  ( 

•02 

( 

50 

0 

0 

(  1699  ( 

13 

6,9 

(.0041  ( 

•51 

( 

100 

P 

0 

(  2669  ( 

0 

(  0  ( 

0 

( 

0 

S 

1 

(  2890  t 

82 

0 

(  0  ( 

0 

( 

0 

I 

1 

(  2960  ( 

86 

0 

(  0  ( 

( 

0 

TT. - S? 
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(d)  Four  Hour  Period  Beginning  One  Hour 
IPte'r  firing  Ceased 7 


Table  go.  7* 


Sampling i Elevation 
positions  of 
s  sample 

t 

TraCToT" 

sair  sam» 
s  pled 

Sampling  t  ES 
period  tsaapled 

t 

s 

» Vapor 
teonen* 

t 

t 

o*t* 

-value 

(Estimated  man 
s casualties  when 
swan  is  protected 
swith  gas  mask  only 

i 

KiM 

s  liters 

t 

mg. 

smg./l. 

*  i 

F 

t 

0 

s  6460 

240 

t 

3.4 

s.0004 

.09 

(  87 

6 

s 

0 

s  4260 

238 

s 

8*2 

1.0019 

•46 

s  100 

K 

i 

1 

i  8240 

237 

s 

1*9 

t.0002 

.06 

s  58 

L 

s 

1 

s  4220 

232 

s 

0 

s  0 

0 

(  0 

0 

s 

0 

i  8060 

233 

t 

4*4 

1*0006 

•13 

s  100 

s 

s 

1 

s  8340 

2  29 

t 

0 

s  0 

0 

s  0 

p 

i 

0 

t  7660 

227 

t 

0 

i  0 

0 

(  0 

f 

t 

1 

s  8140 

224 

t 

0 

t  0 

0 

(  0 

Stake 

80s 

1 

s  4460 

266 

s 

4.6 

1.0010 

.26 

s  100 

It 

"  t 

2 

s  4460 

266 

t 

2.7 

s,0006 

•U 

s  100 

n 

*  * 

4 

t  4460 

266 

0.4 

i.OOOl 

.02 

s  33 

(•)  Four  Hour  Period  a  Day  Following  Firing* 

Vo  samples  were  taken  on  aoeount  of  rain* 

(f )  Four  Hour  Period  on  Seoond  Day  Following 

firing*  ' '  ' 

Vo  samples  were  taken  on  aooouct  of  rain* 


Appendix  C 


8 


(2)  Downwind  froa  Iapact  Atm .. 

(a)  Firing  Period  Fins  One  Hour* 


Table  Ho,  8, 


Stapling  lElevatioautVol.  of  t 
position <  of  tair  saa»t 

«  staple  «  pled  t 

t  t  i 

Stapling 

period 

nr- 

i  stapled 

t 

t 

TVIjSr 

toonon. 

t 

i 

t  e.t. t Estimated  aan 
rvalue  i  casual ties  when 
t  taan  is  protected 

«  rwith  gas  aask  only 

t 

ft. 

t  liters  t 

Ttww 

era 

□ 

mmm 

■>,1 

A  t 

l 

<  782  t 

45 

a 

100 

n  % 

2 

i  "  « 

If 

i 

mmm 

75 

w  * 

4 

t  "  i 

«t 

KB 

9DN 

H 

KDMI 

— s — r 

IBM 

Mi-I'Bi 

1  0 

i  0 

< 

—(Ti 

0 

•  i 

2 

m 

19 

t  0 

<  0 

t 

0  * 

0 

*  t 

4 

im 

99 

t  0 

t  0 

* 

0  1 

0 

j  t 

IBM! 

mn-i'H 

72 

s  2.3 

« 

.15  i 

2 

m 

19 

«  1.0 

1*0008 

* 

.057. 

64 

l 

4 

mm 

99 

i  1.2 

1.0010 

* 

.072 « 

76 

M  t 

1 

*  1157  t 

t  0 

«  0 

t 

0  t 

6 

"  i 

2 

<  "  t 

19 

t  0 

i  0 

* 

0  t 

0 

4 

.  *  « 

99 

i  0 

1  0 

_t_ 

0  t 

0 

I  t 

m^'W 

BiSI 

V"  w 

1.06*9 

i 

.51  t 

166 

2 

m 

99 

<  9.5 

1.0074 

i 

.56  t 

100 

Q  i 

1 

nfciMjg 

1  6 

1.0 

< 

6  t 

0 

*  * 

2 

t  ■  t 

If 

t  0*4 

1.0005 

t 

•024 1 

55 

*  i 

4 

*  *  * 

99 

*  0.4 

t.0005 

* 

•024 » 

56 

a  * 

■§■1 

mrn-w 

IHBL-lBi 

t  1,6 

* 

,69f » 

64 

91  _ 

2 

MOB 

99 

i  1,0 

1.0007 

t 

•057. 

64 

*  i 

4 

9BI 

99 

t  0*8 

t.0006 

_i_ 

•049 1 

58 

—■tmn 

now 

"t  Ij5~ 

t 

•  0%  t 

■  * 

2 

m 

99 

«  *8 

t.0006 

t 

•04  t 

60 

*  t 

4 

HHH 

99 

i  1*0 

t.0007 

•06  t 

66 

Votet  The  poeitione  of  stapling  aeehln.es  are  shown  on  Chart  1. 
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lppendix  c 


(b)  Foot  HourPgriod  Beginning  0n»  Hour 
IHwr  firing  Cs^ejl.  ' 


Table  go.  90 


Sampling 

position 

iKlevationtYol.  of  s 
i  of  tair  sam-t 
t  saaple  *  pled  t 

t  t  t 

■ 

HBS — 

ismpled 

t  Vapori  o.t. 
i oonon. t value 

t  t 

l  i 

(Estimated  nan 
it casualties  when 
tnan  is  protected 
twith  gas  mask  only 

WT” 

i  liters  i 

min. 

t 

■fi* 

tmg./l.  t 

.  1 

fi 

1 

*  42S0  i 

240 

t 

0 

>  0  t  0 

*  0 

n 

2 

*1 

« 

1 

0 

*  0  i  0 

*  0 

9 

4 

i  *  » 

9 

t 

0,4 

*  50 

'  H 

1 

t  i555  » 

— 5ST" 

t 

0 

1  0  i  0 

*  0 

ft 

2 

W 

N 

1 

0 

t  0  i  0 

*  0 

ft 

4 

i  "  * 

9 

1 

0 

t  0  t  0 

*  0 

J 

nrn« 

■  111 

'» 

0.4 

*  to 

t» 

2 

|B| 

ff 

I 

0.4 

t#OOOX  t  y02 

*  50 

n 

4 

ff 

1 

0.4 

*.0001  t  .02 

*  50 

"  I  ' 

i 

t  4220  > 

582 

* 

0 

t  0  1  0 

1  0 

n 

2 

« 

ff 

t 

0 

1  0  *  0 

1  0 

n 

4 

i  "  t 

ft 

t 

0 

l  0  *  0 

t  0 

i 

1 

«  toto  t 

mm  I'M 

1 

1.6 

“  83  — 

n 

2 

ft 

ft 

1.7 

1 .00045 1  .10 

*  95 

Q 

rarf.H’HT 

Mktfm 

* 

6 

*  6*o 

*  6 

* 

2 

TUt  ■ 

ff 

t 

»  0  *  0 

*  0 

ft 

i  4 

mam 

II 

1 

0 

t  0*0 

*  0 

k 

IHiBi 

mrm 

1 

■r *nm 

1  55  “ 

n 

2 

mm 

9 

1 

0 

*0*0 

*  0 

n 

i  4 

mnm 

n 

1 

0.4 

*•0001  *  .02 

*  50 

u 

1 

*  4070  i 

224 

t 

0 

*  0*0 

*  6 

if 

t  2 

i  "  t 

N 

t 

0 

*0*0 

*  0 

ff 

i  4 

t  "  * 

If 

0 

*0*0 

*  0 

Note »  The  positions  at  which  vapor  samples  were  taken  are  shown  on 
Chart  1. 
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£•  Estimated  Mm  Casualties  Based  on  Bffsots  on  Animals* 

Animals  were  placed  on  andd cwuwind  from  the  target  area 
to  determine  effeot  of  the  gas  concentration  set  up  and  how  long  the 
HS  persisted  on  the  impact  area.  The  position  of  the  animals  as  exposed 
during  the  various  exposure  periods  is  shown  on  Charts  1,  7,  8,  9,  10,  and 
11.  The  animal  casualties  and  estimated  men  casualties,  are  given  in 
the  tables  which  follow.  The  man  oasualties  are  estimates  made  by  the 
Medical  Sesearoh  Division  who  observed  and  studied  the  effects  of  the 
HS  on  all  animals  exposed.  Estimated  man  casualties  from  the  effects 
on  snimals  are  shown  on  Charts  12,  13,  14,  15,  and  16.  On  the  Charts 
as  well  as  in  the  tables  which  follow,  the  following  symbols  are  used 
to  designate  the  nature  of  the  animal  casualty! 

L  -  Cross  pathology  of  lung. 

R  -  Respiratory  symptoms. 

S  -  First  degree  skin  burn 
S2  -  Second  •  as* 

Sj  -  Third  *  "  * 

E  -  dimple  conjunctivitis. 

Eg  «  Purulent.  * 

¥  -  Injury  by  shell  fragment. 

(1)  On  Target  Area. 

(a)  Firing  Period  and  the  Following  Ten  Minutes. 

During  the  firing  period  and  following  ten  minutes, 

18  rats  and  16  goats  were  exposed  on  the  target  area.  Animal  casualties 
and  estimated  man  oasualties,  when  man  is  protected  with  gas  mask  only, 
are  tabulated  below.  The  position  of  the  animals  is  shown  on  Chart  7, 
and  sstimated  man  casualties  are  shown  on  Chart  12. 


Appendix  C 


11 


TableKo.  1QA. 


Estimated  Man  Casualties  Based  on  Effects 
on  Rats." 


Bature 

of 

casualty 


Severity 

of 

oasualty 


lEstimated  casual . 
jwhen  nan  is  pro* 
jtscted  with  gas 
mask  onls 


Position 

of 

stako 


Rsnarks 


root.  Casua  T&Tz 


w 


TT 


“ese 


Bums  on 
8  hrs. 
Burns 


on  leet. 
12  hrs. 


Lnt 
> 

Casualty  ini 


1C 

im 


Soto re 


96 

t 

t 

eLs 

— 155£ - 

136 

< 

t 

ELS  2 

t  Death 
> 

•Bums  on  feet.  Casualty  ini 
i  4  hrs.  t 

iC<$ 

“  150 

t 

t  Death 

i Casualty  in  4  hrs.  i 

io<# 

feS 

» 

i 

m 

i  Death 

t 

(Burns  on  feet.  Casualty  ini 
t  12  hrs.  i 

iti — w 


Table  Ho.  10B. 

Bstinatod  Man  Casualties  Based  on  Bffoots 
on  Coats • 


25 

t 

t 

EL 

t  Death 

i 

i  Casualty  in  12  hrs.  Death  t 
i  in  9  days.  « 

~Io^~ 

69 

i 

SR 

mvizmsa 

K»rrpfWc®r.»K*nrrp*B***r*Mi 

155“ 

u 

t 

i 

TT““ 

— -  w - 

iBums  on  body.  Casualty  in  i 
i  in  4  hrs.  t 

155“ 

. ii 1 

t 

i 

ss 

i  Light 

i 

tBurns  on  body.  Casualty  in  t 
i  12  hrs.  i 

ICC 

113 

t 

t 

SRSg 

t  Serere 

i 

i Burns  on  body  and  nose.  i 

t  Casualty  in  6  hrs.  * 

loo 

Ifff“ 

i 

“fg 

BfcZUH 

tDeath  on  area.  t 

■"  UT" 

i 

i 

LS 

i  Light 

t 

tBums  on  body.  Casualty  ini 
t  24  hrs.  t 

loo 

261 

i 

£ 

ncsszsa 

BWTWI 

5~' 

~ToT~ 

t 

i 

SR 

i  ■ 

t 

iBums  on  body.  Casualty  ini 
i  12  hrs.  t 

155 

i  66 

t 

t 

ELS 

t  Death 

i 

at:  w 
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(b)  Firing  Period  and  the  Following  Hour* 


Daring  the  firing  period  end  following  hour,  16  rate 
and  17  goats  were  exposed  on  the  target  area.  Animal  casualties 
and  estimated  nan  casualties  where  nan  is  protected  with  gas  mask  only, 
are  tabulated  in  Tables  11A  and  11B,  given  below.  The  position  of  the 
animals  is  shown  on  Chart  8,  and  the  position  of  estimated  man  casualties 
is  shown  on  Chart  13. 


Table  No.  1U. 

Estimated  Man  Casualties  Based  on  Effects 
on  fiats. 


Position 

of 

stake 

it  Mature  s 
t  of  t 

i casualty t 

Severity 

of 

casualty 

t  fteoarks  lEstiaated  casualties 

i  twhen  man  is  protected 

t  twith  gas  mask  only 

ft 

t 

t 

Death 

« Burn s  on  feet.  Casualty  t 
t  in  12  hrs.  t 

im 

f5 

1 

11  . 1 1  n  ir 

i Burns  on  feet.  Casualty  t 
t  in  4  hrs. Death  in  4  da. t 

loo 

. m  ' 

t  ERS 

t 

t 

i 

Medina 

tBums  on  feet.  Casualty  t 
t  in  4  hrs.  t 

"“166 

116 

t  EL 

t 

Death 

tDeath  in  4  hrs.  t 

loo 

156 

1  SE  “ 

t 

t 

i 

Medium 

teaming  on  feet.  Casualty t 
t  in  12  hrs.  t 

100 

169 

t  ELS 

t 

t 

t 

t 

t 

Death 

tBums  on  feet.  Casualty  t 
t  in  12  hrs.  Death  in  4  t 
t  dftyi  •  s 

loo 

At. 
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Table  Vo.  11B 


Estimated  Men  Casualties  Based  on  Effects 
*  on  Ooats.  w'"'~ 


Position 

of 

stake 

t  Nature 

I  of 

« casualty 

«  Severity 

i  of 

t  casualty 

t  Renarks 

< 

t 

iSstimted  casualties 
twhen  nan  is  protected 
rwith  gas  nask  only 

44 

t  ERSg 

t  Severe 

s 

tBuras  on  body  and  nose, 
t  Casualty  in  12  hrs. 

t 

t 

4$ 

*  BLS 

t  Death 

i 

tBuras  on  body.  Casualty  i 
t  in  6  hrs.  Death  in  9  daya 

100 

89 

«  Severe 

« 

« Burns  on  ears.  Casualty 
t  in  4  hrs. 

t 

t 

- 

93 

n® 

<  Moderate 

t 

tBuras  on  body.  Casualty 
t  in  12  hrs. 

t 

t 

“Too - 

133 

«  ss 

t  Moderate 

t 

m 

137 

i  BLS 

t  Death 

t 

TOO 

177 

«  ERS 

t  Severe 

< 

t Burns  en  body.  Casualty 
t  in  12  hrs. 

t 

t 

100 

16l 

i  *2 

t  Severe 

ironyn.pryrwaTrwMMM 

t 

6 

*“  221  ~ 

7  Ils" 

i  Death 

« 

tBuras  on  ears  and  body. 
tCasualty  in  4  hrs. 

t 

t 

Too . . * 

~  224 

t  # 

i  Light 

i 

tBuras  on  body.  Casualty 
t  in  12  hrs. 

• 

t 

100 

225 

t  E 

nCETEEl 

KHIIIUTV^Tl^TTVHi 

t 

0 

Av.  Si# 


(o)  Four  Hour  Period  Beginning  One  Hour  After 
Hr£ng  Ceased: -  - 

During  the  four  hour  period  beginning  one  hour  after 
firing  oeased,  16  rats  and  9  goats  were  exposed  on  the  target  area. 

casualties  and  estinated  nan  casualties,  where  nan  is  protected 
with  gas  wash  only,  are  tabulated  in  tables  ISA  and  12B  below.  The 
positions  of  the  animals  are  shown  on  Chart  9,  and  position  of  estinated 
wan  casualties  is  shown  on  Chart  14. 
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Table  Ho.  12A, 


Estimated  Man  Casualties  Baaed  on  Effect*  on 

Rats  . 


Position 

t  Nature  t 

Severity 

KmaozaciimsHia 

of 

I  of  t 

of 

t 

twhen  man  is  protected 

stake 

t casualty t 

easualty 

* 

iwith 

gas  mask  only 

ii 

i  i  t 

Esnsa 

Bscsma  eh  nr— 

t 

6 

— H - 

t  s  « 

w 

tBums  on  feet*  Casualty 

t 

155 

t  t 

i  in  15  hrs. 

t 

— 75 — 

t  E  t 

METZM 1 

tCasualty  in  4  hrs. 

t 

o 

""  ‘115  ‘ 

t  ES  t 

■mmmm 

t 

153 

'  1  114 ' 1 1 

1  STT 

Moderate 

tBums  on  feet.  Casualty 

t 

100 

t  i 

t  in  4  hrs. 

t 

155 

t  ES  t 

IS.  "g  • 

t5ums  on  feet.  Caeualty 

t 

loo 

t  t 

t  in  12  hrs. 

t 

At. 

Table  Ho.  12B. 


Estimated  Man  Casualties  Based  on  Effects  on 
' . '  ~ '  doats.  ’ . ' 


HI 

HBifl 

mi 

jnmi 

imLU 

ut: m  i — m 

jMfcUW 

m 

nun 

nun 

Big 

BSHI 

mmm 

HyfcgSSJESMESDBBiffiljEEB 

Bn^wTjtfiniii^nnnBKn 

At. ZZ% 


(d)  Twenty "four  Hour  Period  Beginning  Five  Hoars 

After  firing  Ceased. 

During  the  24  hour  period  beginning  five  hours  after 
firing  oeaeed,  eight  rats  and  four  goats  were  exposed  on  the  target  area* 
Animal  casualties  and  estimated  man  casualties ,  where  man  is  protected 
with  gas  mask  only,  are  tabulated  in  Tables  ISA  and  13B,  given  below. 
Animal  positions  are  shown  on  Chart  10  and  estimated  man  easualties  on 
Chart  15* 
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Table  Ho*  ISA* 

Estimated  Ma a  Casualties  Baaed  on  Bffsots  on  Goats 


Position i  datura  '»'  Severity  i  lamarEs 

of  t  of  i  of  i 
a take  leaaualty  t  casualty  i 

97  «  S  i  Light  (Burns  on  body 

141  i  H  *  "  :  I _ 


(Estimated  eaaualtiee 
nvhen  mb  is  proteeted 
iwith  gas  mask  only 

t  10$ 

t  0 

nr. — m - 


Table  Wo.  1»B. 

Eat lasted  Man  Casual tiea  Baaed  on  Effects  on  Eats. 


I3§  T“E  »  Light  7  «  33ST 

-  - - — - - 


(e)  Twenty-four  Hour  Exposure  in  Shell  Craters 
on  rfhxrd  Hay  After  firing. 

During  the  24  hr*  period  beginning  the  third  day  after 
firing,  seven  rats  and  one  goat  were  exposed  on  the  target  area  in 
shell  oraters*  Animal  casualties  resulting  and  estimated  man  casualties* 
where  man  is  protected  with  gas  mask  only*  are  tabulated  in  tables 
14A  and  14B*  whioh  follows 


Table  Bo*  14A, 

Estimated  Man  Casualties  Based  on  Effects  on  Bats* 


Position 

of 

itake 

it  Mature 
t  of 

toasualty 

t  Severity? ISaKHcT 

t  of  t 

i  casualty t 

(Estimated  eamualties 
twhen  man  is  proteoted 
twlth  gas  mask  only 

DHKiLfll 

ntnssm 

r.;i.Trf.gvTFfri3i 

ictzfeijcizmm 

-w— 

HEALTH 

t  Sewers 

t Burns  on  f  set* 

t 

100  ~ ~ 

nHLiUH 

n.:iTmr*£nii 

1'ra^n-g.rswB 

100 

I  ELS2 

t 

LQiiatM 

TL&nuxi 

1  i/JH 

■■■■■■ 

i  1 

mszam 

mmmmmmmam 

6 

Appendix  C 


-  16 


Table  Vo.  14B. 


Estimated  Man  Casualties  Based  on  Effects  on  Goats. 


Position! 

Hature 

i  Severity!  Remarks 

mmawm.ri  ?n?T.  vnmi 

of  t 

of 

<  Of  ! 

tualties  when  nan 

stake  i 

oasualty 

t  casualty! 

i is  protected  with 

< 

!  t 

sgas  nask  only 

i 

- - 

- . — V5& — — 

(f )  Twenty  four  lours  Exposure  in  Shall  Craters 

on  Blni'h  iW  Afier  raring. 

During  the  24-hr.  period  beginning  the  ninth  day  after 
firing.  seven  rats  and  one  goat  were  exposed  on  the  target  area  in  shell 
eraters.  Animal  casualties  resulting  and  estimated  nan  casualties,  where 
nan  is  protected  with  gas  nask  only,  are  tabulated  in  Table  Vo.  15.  which 
follows  t 


Table  Vo,  15. 

Estimated  Man  Casualties  Baaed  on  Effects  on  Bats. 


Hature  of: 
casual- j 

ty  i 

i  Severity 
I  of 

t  easua  lty 

r  i 

! 

r  1 

(Estimated  casualties 
iwhan  n an  ie  protected 
iwith  gas  nask  only 

LS  i 

i  Death 

imn 

>  ! 

m 

ES 

KHHH 

■■■■■■■■■ 

am 

166 

3HUHI 

OH 

am 

100 

ES  i 

!  " 

am 

“153 - 

— 5s — ; 

■WBi 

m 

mam 

eS 

su 

HHHH 

■■■■■■■I 

am 

^00 

“~T5  i 

i  " 

■HI 

mHHHMmmHBli i 

□■■I 

iod  . 

The  goat  exposed  was  not  a  casualty. 
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(g)  Twenty-four  Hour  Enoinr*  in  Shell  Craters 
on  ttdrte<5tl»  flsy  After  firing. 

Daring  the  24-hr.  period  beginning  the  thirteenth  day 
after  firing,  seven  rats  were  exposed  on  the  target  area  in  shell 
orators.  Animal  casualties  resulting  and  estimated  man  casualties, 
where  man  is  protected  with  gas  aask  only,  are  tabulated  in  Table  No.  16, 
which  followst 


Table  No.  16. 

Estimated  Man  Casualties  Based  on  Effects  on  Rats. 


Satureof (Severity  of 
sasualty  t  casualty 

— sb — Hr jk — 

HE  «  " 

L  t  Death 

E  t  Light 

ES  «  5 


Death  in  24  hr. 


{Estimated  casualties 
iwhen  uan  is  protected 
i with  gas  uask  only 

*  # 
t  0 

t  100 

t  0 

I  100 _ 


(h)  Twanty-f our  Hour  Exposure  in  Shell  Craters 

on  Seventeenth  Day  After  Firing'.' 

During  the  24-hr.  period  beginning  the  seventeenth  day 
after  firing,  seven  rats  were  exposed  on  the  target  area  in  shell  craters. 
Animal  casualties  resulting  and  estimated  nan  casualties ,  where  nan  is 
protected  with  gas  nask  only,  are  tabulated  in  Table  No.  17,  which 
follows  t 


Table  No.  17. 

Estimated  Man  Casualties  Based  on  Effects  on  Bats. 


rtaiure  of :S rrerity  oft  Remarks  tksiiaated  casualties' 

casualty  t  casually  t  twhen  man  is  protected 


t 

t 

twith  gae  nask  only 

s 

I1  iigkt 

t 

t  “  1  10C^  — 

t 

s 

tDittc* 

t  100 

'  g 

t  * 

(Ditto* 

t  loo 
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(2)  Downwind  from  Target  Area* 

(a)  Firing  Period  wad  Following  Four  Hours . 

Sight  rats  and  four  goats  war*  exposed  at  position* down¬ 
wind  from  the  target  area  during  the  firing  period  and  the  following 
four  hour*  at  position*  shown  on  Chart  1*  Animal  casualties  resulting 
and  estimated  man  casualties ,  where  man  is  protected  with  gas  mask 
only*  are  tabulated  in  Tables  11A  and  18B,  which  follow.  The  positions 
of  the  animals,  and  oasualties  are  shown  on  Chart  11  and  the  positions 
of  the  estimated  man  oasualties  are  shown  on  Chart  16. 

Table  Ho.  1BA. 

Estimated  Man  Casualties  Based  on  Effects  on  Bats. 


Position lAaiur*  of 
of  (casualty 

stake  i 

(Severity  of 
t  oasualty 

t 

'*  Remarks  (Estimated  oasualties 
(  (When  man  is  protected 
(  (with  gas  mask  only 

m 

s 

« 

— 8 - 

t  Ligirt 

i 

(Burns  on  feet.  Casual- i 
(ty  in  6  hr*  ( 

100% 

2&\ 

t 

RE 

RB — 

1 

1 

- 

■  1  if  '  “  1 

(Bums  on  feet.  Casual-  ( 

(ty  in  6  hr.  ( 

"TBS  ~~~ 

lit 

t 

'( 

ERS 

i  Moderate 

t 

(Burns  on  feet.  Casual- t 
(ty  in  6  hr.  ( 

lbo 

a&9 

t 

MM 

t  Light 

(Casualty  in  6  hr.  ( 

ZSS 

t 

t 

'  "fe . 

i 

(Bums  on  feet.  Casual-  ( 

(ty  in  8  hr.  ( 

lot) 

THT 

1 

ES 

n^rmra 

“T55 

Table  »o.  18B* 

Estimated  Man  Casualties  Based  on  Effects  on  Goats. 


. OT4  i 

"BBT" 

(  Severe 
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— i m - 

85  nr 

. 8 . . 
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—  w  H  w 

( 

lbo 

ton 

■LJH 

MwvnTiTm 

' 1  j  . W  *’"  *  1  ' 

t 
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8»  Disouaaion 


a.  Shell  Distribution.  The  shell  were  fired  for  equal 
distribution  of  impacts  over  the  entire  target  area*  Of  the  40  shell 
fired  for  effeot  on  the  target,  31  registered  on  the  target  area*  one 
of  which  was  a  dud*  The  craters  produced  by  these  31  shell  were  all 
within  the  area  of  16*800  sq.yd.  which  is  about  8 of  the  target  area. 
Aside  from  the  impacts  on  the  target  area,  there  were  seven  additional 
impacts  within  a  distance  of  40  yd*  frost  the  edge  of  the  target  area* 

Only  two  of  these  shell  were  at  all  effective  on  the  target  on  account 
of  wind  direction  and  direction  of  fire*  The  positions  of  the  shell 
craters  are  shown  on  Chart  2* 

jb*  Impact  Area*  The  number  of  animal  positions  included 
within  the” impact  area  was  42*  and  sinoe  eaoh  animal  was  located  on  the 
oenfcer  of  a  20  yd*  sq**  for  purposes  of  discussion  the  size  of  the  impact 
area  may  be  regarded  as  16*800  sq*  yd*  The  animal  positions  on  the 
impact  area  and  number  of  iapaots  on  each  20  yd.  sq. ,  are  given  in 
Table  Ho*  19*  which  follows! 


Table  Ho.  19. 


Impact  Area  (16*800  sq.yd*) 


20  yd*  sq* 

t  20  yd.  sq* 

mMZWnBTM 

UdiiJxTnM 

1 

t  0 

1  96 

t  5 

3 

!  0 

i  97 

i  0 

6 

!  0 

i  111 

!  1 

7 

«  0 

!  113 

!  0 

23 

I  0 

!  116 

!  2 

25 

t  2 

!  117 

I  1 

27 

t  0 

t  183 

I  1 

29 

t  3 

t  136 

!  2 

46 

!  0 

t  137 

!  2 

47 

t  0 

t  139 

t  1 

49 

!  0 

t  US 

«  0 

61 

«  1 

t  167 

!  2 

53 

i  3 

i  169 

!  0 

67 

i  1 

t  161 

<  1 

69 

!  0 

i  177 

«  1 

71 

!  0 

l  179 

!  0 

78 

!  0 

!  181 

!  1 

76 

!  3 

i  199 

i  0 

89 

i  0 

t  201 

<  1 

91 

«  0 

t  221 

*  1 

93 

!  1 

1  “*  mU  51° 
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e,  Estimated  Man  Casualties  from  Liquid  HS. 

(1)  Effect e  of  Metcorologioal  Conditions. 

The  only  meteorological  factor  having  any  effect  on  the 
size  of  the  area  covered  with  liquid  HS,  by  the  burst  of  a  single  shell, 
is  wind  velocity*  An  increase  in  the  wind  velocity  will  result  in 
an  increase  in  the  site  of  the  area  sprinkled  due  to  the  liquid  drops 
being  carried  in  the  direction  of  wind  travel  to  a  greater  distance. 

On  the  other  hand,  a  deorease  in  the  wind  velocity  will  result  in  a 
smaller  area  being  contaminated  by  the  liquid  HS  due  to  the  liquid  drops 
not  being  carried  so  far  by  the  wind. 

(2)  Proteoted  with  Gas  Mask  but  without  Protection 
o?  Impregnated  dloihing. 

Results  from  paper  panels  given  in  Table  No.  2,  show 
that  personnel  exposed  with  equal  distribution  on  the  target  area  during 
the  firing  period,  would  suffer  about  46 %  casualties  from  liquid  HS  when 
protected  with  gas  mask  only.  The  percentages  given  in  Table  No.  2, 
are  based  an  the  entire  target  area  whioh  includes  about  3,200  eq.yd. 
on  whioh  there  was  little  or  no  effect  from  liquid  HS.  The  figures 
given  below,  in  Table  No,  20,  are  based  on  results  on  the  impact  area 
only  (16,800  sq.yd.),  as  defined  in  paragraph  8  b.  Thirty-one  shell 
bursts  are  included  within  the  impact  area. 


Table  No,  20. 

Estimated  Man  Casualties  from  Liquid  HS  on  Impact 
Area  (16',ff00  sq.yd.)*  '  '  '  '  1 


Panel 

pattern 

xPanels  contaminated 
»  No,  i  Per  o#nt 

t Estimated  masked  man 

7  casualties 

Heavy 

:  8 

1  573 

t 

Medium 

*  19 

i  12.6 

x  12.6 

Light 

t  44 

t  29*1 

<  23.3 

Trace 

t  61 

t  40.4 

i  24.2 

No  HS 

>  19 

t  12.6 

t  ■ 

Total 

.TFT" 

i  16o  ’ 

x  66.4" 
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If  31  shall  distributed  will  produce  66.4$  casualties 
fro*  the  effects  of  liquid  HS  on  an  area  of  10,600  sq.yd, ,  about  four* 
teen  shell  distributed  per  100  yd.sq.,  are  required  to  produce  60$  cas¬ 
ualties  when  aan  is  protected  with  gas  Bask  only* 

In  Table  Xo,  19,  the  number  of  shell  burste  are  given 
for  eaoh  20  yd,  sq,  included  within  the  impact  area.  The  figures  in  the 
table  show  as  bsl ay  as  three  shell  bursts  on  same  of  the  20  yd,  sq,, 
whereas  one  in  the  upwind  part  of  the  square  would  have  probably  produced 
100$  casualties.  If  the  two  additional  shell  had  been  distributed  to 
other  parts  of  the  area,  it  is  probable  that  estiaated  casualties  would 
have  been  greater  and  shell  requirements  to  produoe  60$  oas unities  would 
have  figured  slightly  less, 

(3)  Protected  with  Gas  Mask  end  Standard  Impregnated 

grghgfr - — -  — 

From  results  given  in  Table  Ko.  3,  it  is  estimated  that 
personnel  protected  with  gas  mask  and  standard  impregnated  clothing, 
exposed  with  distribution  on  the  target  area  during  the  firing  period 
would  suffer  about  4,6$  casualties  from  liquid  HS,  There  were  eome  parte 
of  the  target  area,  however,  on  which  there  was  little  or  no  effect  from 
liquid  BS,  due  to  wimd  direction  and  position  of  impacts.  In  Table  Vo,  20 
which  follows,  percentages  are  based  on  effects  on  the  inpact  area 
(16,800  eq,yd,),  as  defined  in  paragraph  6b,  on  whioh  there  were  31  inpaots 


Table  lo,  21. 

Estimated  Man  Casualties  from  Liquid  HS  on 
Impact  ■Irea  '(l6,6d0  sq.yd.) 


Panels  showing  drops 
in  excess  of  0.6  mg. 


Estimated'  man  casualties  wfiSa 
man  is  protected  with  gas  mask 
and  standard  impregnated  clothing 


gnrsrssr 

drops 


Ho  ,  of 
panels 


mg.  » 
.6  to  l.Ot 
Over  1,0  i 


11 

6 


per  panel 
40$ 
100$ 


t 

i 

Total 


impact  area 
2*8$ 

5,8 

xr 


Total  panels  on  impact  area  (16,800  sq.yd.)  -  166, 
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If  31  shell  distributed  os  an  are*  of  16,800  sq.yd.  -will 
produce  6,6^  casualties,  when  nan  is  protected  with  gas  nask  and  standard 
impregnated  clothing,  it  will  require  about  140  shell  distributed  per 
100  yd,*q«,  to  produce  50£  casualties, 

d,  Estimated  Man  Casualties  froa  HS  Vapor, 

(1)  Effects  of  Meteorological  Conditions,  A  theoretical 
discussion  of  the  effect  of  meteorologies!  oonditions  on  the  vapor  oon- 
oentration  set  up,  is  given  in  report  of  Test  A,  conducted  on  May  28,  1982, 

During  the  present  test,  the  ground  temperature  was  88 °F, 
to  92°F,,  the  air  temperature  was  68°F«,  and  the  wind  velooity  was  5.8  m*p.h. 
These  oonditions  were  favorable  to  set  up  a  moderately  high  vapor  oonoen- 
t ration  on  the  target  area.  The  ground  temperature  was  about  20°F,  higher 
than  the  air  temperature  however,  so  that  oonveotion  air  currents  were  set 
up.  This  theoretically  resulted  in  the  upward  travel  of  the  HS  vapor  so 
that  meteorological  oonditions  were  unfavorable  for  the  building  of  a  high 
vapor  concentration  outside  of  the  area  contaminated  with  liquid  IS. 
Theoretically,  the  vapor  concentration  set  up  downwind  from  the  target  area 
was  net  as  great  as  it  would  have  been  with  the  same  wind  oonditions,  if 
the  test  had  been  held  after  sunset,  when  there  are  no  effects  from  oon¬ 
veotion  air  currents, 

(2)  Vapor  Concentration  Hpquired  to  Produos  Man  Casualties. 

A  discussion  of  the  exposure  period  required  to  produce 
man  casualties  from  Hs  vapor  is  given  in  Test  "A",  "Import  of  Test  of  HS 
Filled  156-emt,  Howitser  Shell",  conducted  May  23,  1932, 

(3)  On  the  Target  Area.  Estimated  man  casualties  on  the 
target  area  t  from  the  effects  of  HS  vapor  for  the  different  exposure 
periods,  are  tabulated  in  Tables  Ho,  4  to  7,  Indus ive,  and  results  are 
shown  cm  Charts  3  to  6A,  inclusive, 

(a)  Firing  Period  and  Following  Ten  Minutes, 

From  the  results  of  vapor  samples  given  in  Table  lo,  4, 
representing  the  firing  period  and  following  ten  minutes,  it  is  estimated 
that  man  with  the  protection  of  gae  mask  only  would  suffer  about  60JC  cas¬ 
ualties  from  offsets  of  HS  vapor.  This  estimate  A  is  baaed  on  the  results 
of  vapor  samples  taken  at  five  different  positions  on  the  target  area. 
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In  the  fifth  column  of  Table  No.  22,  which  follows,  estimated  -vapor 
casualties  are  given  for  each  20  yd.  sq.  on  the  entire  target  area. 

The  figures  as  given  in  this  column  are  estimates  based  on  results 
obtained  at  sampling  position,  the  position  of  nearest  impact,  and 
the  wind  diredtion.  Estimated  vapor  casualties  for  the  total  target 
area,  figured  from  estimates  on  each  20  yd.sq.,  are  64%,  which  very 
olosely  checks  60%,  the  estimate  given  in  Table  No.  4,  representing 
results  at  five  sampling  positions. 

The  per  cent  estimated  casualties  for  each  20  yd.sq. 
as  given  in  the  fifth  column  of  Table  No.  22,  is  shown  graphically 
on  Chart  3.  The  shaded  area  on  the  chart  represents  the  percentage 
of  the  area  on  whioh  100%  casualties  would  be  produced  from  HS  vapor 
when  man  is  protected  with  gas  mask  only.  The  per  cent  casualties, 
as  shown  on  Chart  3,  are  based  on  the  effects  of  31  shell.  If  31 
shell  distributed  on  an  area  of  16,800  sq.yd.  will  produce  64%  cas¬ 
ualties  by  effects  of  HS  vapor,  it  will  require  about  16  shell,  dis¬ 
tributed  to  produce  50%  casualties  from  HS  vapor,  when  man  is  protected 
with  gas  mask.  The  above  figures  do  not  take  into  consideration  the 
effect  of  liquid  HS,  whioh  is  also  present  and  will  cause  additional 
casualties. 


(b)  Firing  Period  and  Following  Hours. 

From  the  results  of  vapor  samples  given  in  Table  No.  6, 
representing  the  firing  period  and  following  hour,  it  is  estimated 
that  men  with  the  protection  of  gas  mask  only,  would  suffer  about  69% 
casualties  from  HS  vapor.  This  estimate  is  based  on  the  result  of 
vapor  samples  taken  at  nine  positions  on  and  at  the  edge  of  the  target 
area.  In  the  fifth  column  of  Table  No.  24,  estimated  vapor  casualties 
are  given  for  each  20  yd.sq.  on  the  entire  target  area.  The  figures 
as  given  in  this  column  are  estimates  based  on  results  obtained  at 
sampling  positions,  the  position  of  impacts  in  and  around  each  square, 
and  the  wind  direction.  Estimated  vapor  casualties  for  the  total 
target  area,  figured  from  estimates  on  each  20  yd.sq.,  is  63.6%  which 
very  olosely  checks  69%,  the  per  cent  given  in  Table  No.  6,  representing 
results  at  nine  sampling  positions.  Chart  4  shows  that  part  of  the 
target  area  on  which  it  is  estimated  100%  man  casualties  would  result 
from  HS  vapor,  on  exposure  for  a  period  of  60  min.,  beginning  ten  minutes 
after  the  cessation  of  fire. 

(°)  Four  Hour  Period  Beginning  One  Hour  After 
ftessaiion  of  #ire.' 


From  the  results  of  vapor  samples  given  in  Table  No.  7, 
representing  the  four  hour  period  beginning  one  hour  after  cessation 
of  fire,  it  is  estimated  that  man  with  the  protection  of  gas  mask  only. 
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would  suffer  about  53J6  oasualtiss  from  HS  vapor.  The  aast  slda  of  the 
area  was  free  from  impacts  and  oould  have  been  oeeupied  without  danger 
from  HS  vapor,  as  long  as  the  wind  continued  to  blow  from  the  east. 

That  part  of  the  target  area  on  whieh  it  is  estimated  100^  man  casu¬ 
alties  would  result  from  HS  vapor  is  shown  Oa  Chart  6. 

(4)  Outside  the  Target  Area.  Estimated  man  casualties 
downwind  from  the  impact  position  are  given  in  Tables  8  and  9.  Table 
Vo.  8  represents  the  firing  period  and  following  hour,  and  Table  Vo.  9 
represents  the  four  hour  period  beginning  one  hour  after  firing  oeased. 
The  per  oent  estimated  casualties  at  sampling  positions  is  shown 
graphically  on  Charts  6  and  64.  The  per  oent  estimated  casualties 
at  these  positions  is  represented  by  the  shaded  position  of  the  20  yd.sq. 

e.  Estimated  Man  Casualties  Based  on  Effects  on  Animals. 

Animals  casualties  and  estimated  man  casualties  based 
on  effeots  on  animals  are  recorded  in  Tables  Vo.  10A  to  18B  inclusive. 
Also  animal  positions,  animal  casualties,  and  estimated  man  casualties, 
based  on  effeots  on  animals,  are  shown  on  Charts  7  to  16  inolusive. 

(1)  Estimated  Man  Casualties  on  the  Target  Area 
when 'MaaTia  Eroteoted  with  Gas  Mask  Onlyl 

(a)  Firing  Period  end  Following  Ten  Minutes. 

Estimated  man  casualties  due  to  exposure  on  the  target 
area  during  the  firing  period  and  following  ten  minutes,  are  given  in 
Tables  Ho.  1QA  and  10B.  From  ths  animal  casualties  it  is  estimated 
that  man  casualties  would  be  3S£  based  on  rate  and  66j£  based  on  goats, 
or  44$  based  on  rats  and  goats. 

(b)  Firing  Pariod  and  Following  Hour. 

Estimated  man  casualties  due  to  exposure  on  the  target 
area  during  the  firing  pariod  and  following  ten  minutes,  are  given  in 
Tables  11A  and  11B.  From  the  animal  oasualties  it  la  estimated  that 
man  oaaualties  would  be  40 %  based  on  rate,  and  53$  based  on  goats, 
or  47$  based  on  rats  and  goats. 

(o)  Four  Hours  from  Second  to  Sixth  Hours  after 
firing  Ceased. . '  'r 

Estimated  man  oaaualties  due  to  exposure  on  the  target 
area  during  the  four  hour  period  following  the  first  hour  after  firing 
ceased,  are  given  in  Tables  12A  and  12b.  From  the  animal  casualties 
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it  is  estimated  that  nan  casualties  would  be. 27#  based  on  rats  and  33j£ 
based  on  goats,  or  SOjC  based  on  rats  and  goats.  The  animals  used  did 
not  oorer  the  target  area  but  taking  into  consideration  the  position 
of  the  impacts*  the  area  covered  by  the  animals  mas  representative  of 
the  entire  target  area* 

(d)  Twenty -Four  lour  Period  Beginning  Five  Hours 

i/ter  A. ring  Ceased* 

Estimated  man  casualties  due  to  exposure  on  the  target 
area  during  the  24-hr.  period  beginning  five  hours  after  firing  oeased 
are  given  in  Tables  No*  ISA  and  13B*  From  the  animal  casualties  it 
is  estimated  that  man  casualties  would  be  about  12j£  based  on  rats  and 
25#  based  on  goats*  or  18#  based  on  rats  and  goats*  The  animals 
used  did  not  cover  the  target  area  but  taking  into  consideration  the 
position  of  impacts*  the  area  oovered  by  the  animals  was  repressnt stive 
of  the  entire  target  area. 

(a)  Exposure  in  Shell  Craters* 

Estimated  man  casualties  due  to  exposure  in  shell  oraters 
for  a  period  of  24  hr.  are  given  in  Tables  No*  14  to  17*  inclusive* 

From  the  animal  results*  it  is  probable  that  casualties  would  result* 
if  the  impaot  area  was  ooeupied  by  personnel  within  seventeen  days  after 
the  date  it  was  shelled*  unless  they  were  protected  with  gas  mask  and 
standard  imp rc gnat »d  clothing* 

(2)  Downwind  from  the  Target  Area* 

(a)  Firing  Period  and  Following  Four  Hours* 

Estimated  man  casualties  where  man  is  protected  with  gas 
mask  only*  due  to  exposure  directly  downwind  from  the  target  area  during 
the  firing  period  and  following  four  hours*  are  given  on  Tables  No.  18A 
and  18B.  From  ths  animal  results*  it  is  estimated  that  personnel  occupy¬ 
ing  the  downwind  area  within  100  yd*  from  the  impaot  position*  for  the 
period  stated  above*  would  probably  become  casualties, 

f.  Comparison  of  Per  Cent  Estimated  Men  Casualties  Based  on 

jleaaurea^fr'cFtrhe  das  donoent ration  ]S<r]ii£  Bf foots  on 

Animals*  when  Men  is  Protected  with  Gas  Mask  Onlyl 

(1)  Firing  Period  and  Following  Ten  Minutes* 

In  Table  No*  22*  estimated  man  eaeualties  are  given  for 
eaeh  20  yd*  sq«*  based  on  the  following  ef foots  and  methods  of  figuring 
oasualtiss*  whan  man  protected  with  gas  mask  only,  is  exposed  on  the 
target  area  daring  the  firing  period  and  following  ten  minutes* 
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(a)  HS  Liquid  using  panel  data.* 

(b)  HS  vapor  fro*  vapor  samples* 

(o)  Combined  effect  of  HS  liquid  and  HS  vapor* 

(d)  Effect  on  animals* 

Figures  in  this  table  show  that  lOGpJ  casualties  would  be 
produced  on  67^  of  the  area*  based  on  the  oombined  effect  of  HS  liquid 
and  vapor  and  41#  based  on  the  effects  on  animals  or  64#  based  on  the 
two  methods  of  figuring  casualties . 


Table  Ho.  22* 


Estimated  Casualties  on  the  Target  Area  Representing 
Exposure,  during  Firing  and  following 
16  Min.  ~ 
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Table  Mo.  22  (Cont'd. ) 
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Ho«  22  (Coat’d)* 
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♦See  page  ll  for  symbols* 


The  average  percentages  as  given  in  Table  Ho.  22*  are  based 
on  the  total  target  area  irhioh  includes  about  3*200  sq.yd.  on  which  there 
was  little  or  no  effect  from  the  HS  due  to  wind  direction  and  shell  dis¬ 
tribution*  In  Table  Ho*  23*  which  follows*  results  are  given  to  inolude 
only  the  inpact  area  as  defined  in  paragraph  8b* 

Estimated  casualties  given  in  Tabic  Ho*  23*  are  based  on 
an  area  16*800  sq.yd.*  on  whioh  31  shell  burst*  Results  in  this  table 
show  an  average  of  85^>  man  casualties  based  on  the  effects  of  HS  liquid 
and  vapor*  and  50j6  based  on  effect*  on  animals*  or  an  average  of  7Z% 
based  on  the  two  methods  of  figuring  casualties* 

Table  Ho*  23* 

Estimated  Casualties  on  the  Impact  Area  (16*800  sq.yd.) 
flriai*?erio<i~  and  Following  Ten  Minute* « 
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Table  go.  23  (Cont*d.) 
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(2)  Firing  Period  and  Following  Hour. 

In  Table  Ho*  24*  which  follow*,  estimated  man  eaaualtlea 
are  given  for  eaoh  20  yd*  sq.  baaed  on  the  following  effeota  and  method 
of  figuring  casualties,  when  nan  protected  with  gas  mask  only,  la  exposed 
on  the  target  area  during  the  firing  period  and  the  following  hourt 
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(a)  HS  liquid  using  panel  data* 

(b)  HS  Tap  or  from  vapor  samples  • 

(o)  Combined  effect  of  HS  liquid  and  HS  vapor. 

(d)  Effect  on  animals* 

Figures  in  Table  No.  24*  show  100$  estimated  casualties 
on  66$  of  the  area,  based  on  the  combined  effects  of  HS  liquid  and  vapor 
and  44$  based  on  effeots  on  animals,  or  56$  based  on  the  average  of  the 
two  methods  of  figuring  casualties* 


Table  No*  24* 


Estimated  Casualties  on  the  Target  Area,  Representing  Exposure 


During  tbe  firing  and  following  dour 
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Table  No*  24  (Coat’d,) 
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Table  Ho,  84  (Coat'd.) 
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Per  oent  estimated  casualties  based  on  the  combined  effects 
of  HS  liquid  and  vapor  are  considerably  higher  than  corresponding  figures 
based  on  effects  on  animals.  There  would  hare  been  a  still  greater 
spread  between  these  figures  if  a  smaller  number  of  shell  had  been  used, 
because  on  many  of  the  20  yd.  sq.  the  HS  liquid  and  vapor  present  was 
in  exoess  of  estimated  requirements  to  produce  100$  casualties. 

Estimates  based  on  effects  on  animals  were  very  conservatively 
made  and  are  probably  low.  It  is  also  probabla  that  astimatea  based  on 
effects  of  ES  vapor  alone,  are  high  for  average  temperature  conditions  so 
that  an  average,  based  on  effects  on  animals  and  from  measurements  of  the 
HS  liquid  and  vapor  present,  is  probably  more  nearly  oarreet  than  by  aither 
method  alone. 

£•  Humber  of  Shell  Required  to  Produee  60$  Man  Casualties. 

It  was  stated  in  paragraph  8  e  (2)  that  about  fourtean 
shell  distributed  per  100  yd.sq.  will  produee  60$  casualties  from  liquid  HS, 
when  man  is  protected  with  gas  mask  only. 

From  figures  given  in  ?abl#  Ho.  25,  it  was  estimated  that  the 
impact  of  30  shall,  excluding  one  dud,  on  an  area  of  16,800  sq.yd.  would 
produce  96$  casualties  based  on  effects  of  HS  liquid  and  vapor,  and  50$  based 
on  effects  on  animals,  when  exposed  during  the  firing  period  and  following 
ten  minutes.  On  this  basis,  the  following  number  of  shell  per  100  yd.sq. 
will  be  required  to  produce  60$  casualties  when  man  is  protected  with 
gas  mask  only  i 
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Based  on  BS  liquid  and  -vapor  samples  -  9  shell 
Based  on  effeets  on  animals  -  18  ” 

at.  .-ir  - 

Based  on  the  two  methods  of  figuring  casualties,  about 
fourteen  shell  distributed,  are  required  per  100  yd.sq.  to  produoe  60% 
casualties,  when  man  is  protected  with  gas  mask  only. 

9S  Conclusions.  Prom  the  results  of  the  present  test,  the  following 
oonolus  ions'  are  drawn  with  respect  to -the  use  of  156-mm.  shell  filled  with 
HS,  when  fired  under  the  meteorological  conditions  existing  at  the  time 
of  the  tests 


a.  The  number  of  shell  required  per  100  yd.  sq.  to  produce  60JC 
oasualties**when  distributed  as  equally  as  practicable,  are  as  follows* 

(1)  When  nan.  protected  with  gas  mask  and  standard  impreg¬ 
nated  clothing,  is  exposed  during  the  firing  period  -  140  shell  (see  p.  28). 

(2)  When, man.  protected  with  gas  mask  only,  is  exposed 
during  the  firing  period  and  following  ten  minutes  -  14  shell  (see  sub* 
paragraph  g.  above). 

b.  Personnel  who  oocupy  the  downwind  area,  within  100  yd. 
of  the  iapaot  area  during  the  firing  period  and  the  following  hour. 

will  suffer  easualtiea  unless  they  are  protected  with  gas  mask  and  standard 
impregnated  clothing  (tee  pp.  9  and  26). 

£.  If  the  impact  area  is  occupied  by  personnel  within  seventeen 
days,  after  the  date  it  was  shsllsd.  they  will  probably  suffer  casualties 
unless  they  are  protected  with  gas  mask  and  standard  is^regaated  clothing 
(see  p.  26). 

10.  Hess— isndatlons .  It  is  reooonended  that  the  present  test 
be  repeated  wiih  a  change  in  the  firing  period  from  9  a.m.  to  one  hour 
before  sunset  to  determine  the  effects  of  meteorological  conditions  on 
the  number  of  shell  required  for  effective  results. 
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BATTERY  "C"  SIXTH  FIELD  ARTILLERY. 
FORT  HOYLE  MARYLAND 


August  4,  1932. 


MEMO:  TO-  The  Technical  Director,  Edgewood  Arsenal  Md. 


1.  The  following  data  was  used  in  the  155MM  Mustard  Gas 
Shoot  of  June  11,  1932. 


Sensings  Remarks. 

3,  Shell  M.G&s,  Charge  5,  Fuse  Long, 


Commands  Elev. 

Compass  3210,  On  Ho.l  Close 
N0.1  1  Rd.Quad 

300 

Left  8  308 

304 
302 
302 

Left  4,2  Rds  302 

Left  4  302 

Right  4  lRd  302 
No.l  Mark  Base  Def. 


No. 2  Adj.  1  **d 

302 

31C 

Left  4 

310 

Right  2 

310 

2  Rds 

310 

1  *d 

306 

304 

302 

2  Rd 

302 

N  o . 2  Mark  Base  Def • 

No. 5  Adjust  1  Rd 

302 

302 

298 

Right  4 

298 

290 

294 

296 

Right  4 

298 

Left  4 

296 

Left  2,  2  Rds 

298 

No.3  Mark  Base  Def. 

60  L  Short 

80  Right  Over 

60  "  " 

DUD 

100  "  " 

20  Left  Short 

DUD 

80  Left  Short 

80  Right  Over 

Line  Over 

30  Left  Short 
Target. 

DUD 

60  Left  Short 

50  "  H 

DUD 

30  Left  ■ 

130  Right  Over 
Over 

140  R  igjvt  Over 

80  Ri^bh  Over. 

80  Right  Over 
80  Right  Over 
60  Right  Over 
25  Right  Over. 

10  Right  Over 

30  Right  Over 

Line  Over 

50  Right  Over 

160  Left  Short 

180  Left  Short 

60  Left  Short  ^ef.Over 

40  Left  Short  Def  Short 

50  Left  Short  Def. short. 

80  Left  Short*  100  Left  Short 


¥ 

No.4  Adjust  1  «d.  302 

150  Left  Short 

310 

25  Right  Over 

DUD 

306 

100  Right  Over 

DUD 

304 

30  Right  Over 

302 

120  Left  Short 

DUD 

303 

50  Left  short 

Def .Over 

RigMi  4  304 

100  Right  Over 

303 

No.  4  Mark  Base  ^ef. 

COMMANDS?  FIRE  ON  AREA. 

40  Left  Short. 

Base  Def .  Right  45,  On.No.l  Open  5,  Battery  3  Rds, 

Quad,  At  my  Command  Elevs.  No.l-302,No.2-301,No.3-299,No.4-303 

1st .volley-  2  Shorts,  2  Overs  1  DUD 

2nd*  "  2  Shorts,  2  Overs  ‘ 

3d  Volley  2  Shorts,  2  Overs 

Btry  2  Rds,Same  Elevations 

1st .volley  4  Shorts, 

2d*Voliey  2  Shorts,  2  Overs* 

Btry  3  Rds.Elevs.No.l-306,No.2-305,No.3-303,No. 4-303 
1st. Volley  3  Overs  ,  1  line 

2nd. Volley  1  ^ort,  2  Overs  #  3  Out. 

3d. Volley  1  Line,  2  Shorts. 

Btry  2  Rds, Same  Elevations  w 

JDCXXXX.  1st. Volley  1  hort,  2  Overs.  #  3  In. 

2nd.  Volley  1  *hort,  3  Overs. 

3d. Volley  1  Line,  20vers. 


NOTE*  The  above  sensings  made  on  panel  in  center  of  area. 

Oie  last  volley  above  was  the  3jpds  left  over  becasue  of 
#  3  being  out  of  action  for  ^Cvblij 


r.  , 

*Leo 
Capt .  6th. F. A. 
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REPORT 


OF 

TEST  OF  HS  FIIJLED  156-mu  HOWITZER  SHELL 
TEST  C  *  AUGUST  4.  1982 


1*  Objeott  The  object  of  this  test  was  to  determine  the  number 
of  166  mm.  howitzer  shell  filled  with  HS,  which  is  required  in  open 
oountry  under  the  aetcorologi cal  condition*  which  existed  at  the  tins 
of  the  test  to  produo*  60$  casualties,  requiring  eradiation  for 
hospitall satl on, 

2.  Authority*  This  test  was  authorised  in  the  Project  Program 
for  Edgewood  Arsenal  for  the  Tear  1933,  under  Projeot  A  1. l«lb,  166  sen. 
Shell,  HI1  (Howitzer),  HS  Pilled. 

S«  Previous  Testa:  A  test  was  conducted  on  February  16th  and 
17th,  1932,  in  which  $4 shell  from  eaoh  of  four  lot*  of  shell,  represent¬ 
ing  the  ehell  used  in  th*  present  test,  were  fired  from  serrioe  weapons 
to  determine  if  the  shell  functioned  normally,  hut  no  attempt  was  made 
to  determine  the  gas  concentration  set  up, 

A  second  test  was  conducted  on  May  25,  1952,  in  which 
40  shell  were  fired  for  inpaot  on  a  target  100  yards  wide  by  200  yards 
deep.  From  a  preliminary  study  of  the  results  it  was  estimated  that 
it  would  require  about  26  ehell  per  100  yard  square,  to  produce  60 % 
casualties,  when  man  is  protected  with  gae  mask  only. 

A  third  test  was  conducted  on  June  11,  1952,  in  which  40 
shell  were  fired  for  iapaet  burst  on  the  seme  target  used  in  the 
previous  test.  It  was  estimated,  from  a  preliminary  study  of  the  results 
of  the  test,  that  about  14  shell  per  100  yard  square  are  required  to 
produce  60$  casualties,  whan  man  is  protected  with  gas  maek  only. 

4„  Materials  Peed* 

A.  Shell.  The  shell  used  in  the  present  test  was  the  Mil, 
156-asn.  Howitzer,  filled  with  HS.  They  were  taken  from  war  reserve  at 
Edgewood  Arsenal  and  represent  a  lot  which  were  filled  in  the  years 
1921-1922,  for  shipment  to  the  Hawaiian  Islands.  The  HS  used  in  fill* 
ing  the  shell  was  from  war  rsserve  and  was  probably  mada  by  ths  Levinstein 
process.  The  void  used  in  filling  the  HS  into  the  shell  is  not  known, 
but  was  probably  about  10$,  based  on  the  maxi mum  volume  shell. 
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b.  Boaster,  The  booster  used  was  the  MVI-B,  which  oontains 
s  bursting  charge  of  29  grams  of  tstryl  and  259  grams  of  TNT*  Many 
of  the  boosters  in  these  shell  were  improperly  seated* 

o*  Fuse,  The  fuse  was  the  mil,  super  quiek  point  detonating 

fuse* 

d,  Humber  of  Shell  Used,  Slxtywnine,  29  for  ranging  and  40 

for  effeot, 

a*  Howl tiers  Used,  A  battery  of  four  15&«<ma,  Hpwitsers  was 

used  under  command  of  Captain  L.  T,  McMahon,  The  Howltsers  were  set  up 
on  "C*  field  in  the  vicinity  of  coordinates  690*4,  1869*1  as  shown  on  the 
special  military  map  of  Gun  Powder  Heok,  prepared  under  the  direction  of 
the  Chief  of  Engineers,  U.S.  Army,  1923, 

5,  Target  Areal  The  target  area  was  a  reotangular  field  of  open 
oountry  100  yards  wide  by  200  yards  deep}  located  on  "H"  field  in  the 
vicinity  of  coordinates  690*5,  1864,0  with  the  long  axis  oriented  to 

line  of  fire.  The  area  was  oovered  with  grass  and  weeds  having  an  average 
height  of  1  to  2  feet.  The  area  was  divided  into  10- yard  squares  by 
plaoing  numbered  stakes  at  10- yard  intervals.  Paper  panels,  ssmpling 
machines  and  animals  were  placed  on  the  area  to  determine  the  effective¬ 
ness  of  the  gas  oonoentration  set  up.  Chart  1,  accompanying  this  report 
shows  the  target  area  as  it  was  prepared  for  the  test  with  positions 
of  animals,  panels  and  sampling  maohines, 

6,  Experimental! 

a.  Method  of  Conducting  Test.  After  adjustment,  the  Eowitsers 
were  ranged  on  the  target  and  fired  as  rapidly  as  possible  with  ohange 
in  elevation  for  distribution  of  impacts  over  the  target  area.  On 
completing  the  firing  of  the  shell,  the  paper  panels  were  oolleoted 
for  tabulation  of  results  and  the  animals  on  the  target  area  and  at 
positions  downwind  from  the  target  area,  wera  removed  at  definite  periods 
and  replaosd  by  other  animals.  Also  during  the  firing  period  and  the 
animal  exposure  periods,  vapor  samples  were  taken  with  the  use  of  field 
sampling  maohines.  The  meteorological  data  were  reoorded  during  the 
period  of  the  test, 

b*  Firing  of  Shell, 

(1)  Adjustment  of  Howitsers,  The  Howitrers  were  adjusted 
in  parallel  on  a  target  about  100  yards  east  of  the  target  area,  using 
29  shell  filled  with  ES,  Firing  for  adjustment  began  at  4,38  p»m*  and 
ended  at  6,40  p»m*  The  impaots  were  reoorded  as  follows  * 
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22  Bursts 

S  Low  order  bursts 
2  Duds 
2  Riooohets 


(2)  Firing  for  Bffeot.  Firing  for  effeet  started 
about  6*35  p.m,  and  ended  at  6*56  p.m. ,  a  period  of  20  minutee. 

To  obtain  distribution  of  the  impaot  ewer  the  target  area  the 
Howltsers  were  ranged  In  parallel  using  three  ohanges  In  elevation. 
Sixteen  rounds  were  fired  for  impaot  on  a  line  50  yards  short  of  the 
oenter  and  20  rounds  for  impaot  on  a  line  50  yards  beyond  the  center. 

In  an  attempt  to  fill  in  the  gaps  resulting  from  the  first  36  rounds, 
the  last  four  rounds  were  fired  for  Impaot  on  a  line  through  the 
oenter  of  the  target.  A  photostatlo  oopy  of  a  memorandum  dated  August 
4,  1952,  to  the  Teohnioal  Director,  from  the  Battery  Commander,  giving 
the  firing  data  by  round,  is  attaohed  to  this  report*  From  observation 
at  the  O.P.  during  firing,  the  following  bursts  were  reoorded. 

35  ••  High  order 
4  -  Low  order 

1  -  Dud  (outside  target  area) 

(3)  Impaot s.  The  positions  of  the  inpaots  are  shown 
on  Chart  2.  Of  the  40  shell  fired  for  effeot,  26  registered  on  the 
target  area  and  an  additional  12  within  70  yards  of  the  target  area. 


o.  Meteorologloal  Conditions.  Ths  following  meteorological 
conditions  prevailed. 


Time 

Air  temperature 
Ground  temperature 
Ground  condition 
He la tire  humidity 
Hind  velocity 
Wind  direction 
Sky 


August  4,  1952 
6,36  p.m,  to  7,05  p.m, 

83  to  80°F. 

85  to  82°F. 

Dry 

61$ 

1,5  m*p,h« 

SW 

Clear 


7,05  to  7,55  p*m« 
80  to  78°F. 

83  to  79°F. 

Dry 

70$ 

1,7  m*p,h, 

SW 

Clear 
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Hr  tenperature 
Ground  temperature 
Ground  condition 
Relative  humidity 
Wind  velocity 
Wind  direction 


Aug*  4  m  7|66  p.m.  to 
Aug*  6  -  9|00  a.m+ 

“ 76  to  66  to  SO5?. 

81  to  66  to  78°P* 
damp  (dev) 

61#  to  90 %  to  7 0# 
1*0  m*p.h* 

S.W. 


Aug*  5  -  10} 26  a*m* 
to  2«50  p*m* 

80  to  88®F* 

78  to  118°P. 
dry 

70  to  50# 

5*0  aup.h* 

S.W. 


7*  Results* 


a.  liquid  HS. 

(1)  Site  of  Liquid  HS  Drops.  The  dietribution  of  liquid 
HS  was  registered  by  means  of  paper  panels  8  inches  square*  placed  flat 
on  the  ground  at  each  stake  position  over  the  entire  target  area.  The 
panels  having  drops  in  exoess  of  0.1  mg.  are  tabulated  in  the  following 
table. 

Table  Wo*  1. 


Site  of  HS  Drope 


tfo*  of  drops slumber  of  panels  classified 

per  panel  <0*1  to  t0«5  to  *1*6  to  sOver 

<0*5  mg.  *1.0  mg*s5 

*0  mg.  *5.0  mg. 

1  *2*5* 

1  t  0 

2  to  10  *  57  *17  * 

4  t  0 

11  to  20  *  10  t  7  t 

0  t  0 

Over  20  t  11  *  1  t 

0  t  0 

Total  panels  having  drops  of  0*1  ag*  or  greater  -  60 
Total  panels  exposed  on  target  area  «  250 

(2)  Estimated  Man  Casualties  from  Liquid  HS* 

(a)  Man  Protected  with  Gas  Mask  but  Without  the 
Protection  of  Impregnated  Clothing.  The  paper  panels  were  tabulated  for 
density  of  pattern  usisg  the  gradings,  heavy,  medium*  light  and  traoe. 

A  photostat  of  the  scale  used  in  grading  the  panels  ia  attaehed  to  this 
report.  The  panel  gradings  are  tabulated  in  the  following  table,  to* 
gether  with  estimated  man  casualties. 
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Table  Mo.  2 


Estimated  Man  Caeualttee  on  Target  Area  from  Liquid  HS 


Pattern 

t Panel  gradings iSstimated  oasualties 
tnumbertperoen^iwhen  man  is  proteoted 
t  t  smith  gas  mask  only 

i 

t 

> 

% 

Heavy 

t  22 

t  9*6 

! 

9.6 

Medium 

t  39 

«  17.0 

t 

17.0 

Light 

t  81 

!  36.2 

s 

28.2 

Traoe 

t  38 

t  16.6 

« 

9.9 

Mo  mustard 

t  60 

t  21.7 

t 

- 

Total  and 

t 

! 

! 

average 

t  230 

>100.0 

! 

From  results  given  in  table  2*  it  is  estimated  that 
personnel  exposed  on  the  target  area  during  the  firing  period*  protected 
with  gas  mask  only*  would  suffer  about  65%  oasualties*  if  they  were 
equally  distributed  over  the  area*  The  position  of  shell  eraters  and 
estimated  man  oasualties  from  liquid  HS  are  shown  graphically  on  Chart  2* 


MOTE*  The  basis  for  estimated  oasualties  in  Table  2*  is  given  in  report 
of  Test  *B**  165-bbu  howitser  shell*  oonduoted  on  June  11*  1932. 

(b)  Man  Protected  with  Qas  Mask  and  Standard 
Impregnated  Clothing.  The  paper  panels  were  tabulated  for  number  of  HS 
drops  on  panels  in  whioh  the  drop  size  was  in  exoess  of  0*6  mg.  The 
results  of  the  tabulation*  together  with  estimated  man  oasualties*  are 
given  in  the  following  table. 


Table  Mo.  3. 


Estimated  Man  Casualties  on  Target  Area  from  Liquid  HS 


SiiiT  of  t  Humber  of  t  Estimated  man  oasualties  when  pro* 

HS  drops!  panels  t  tec ted  with  gas  mask  and  standard 


mg.  i 

t 

per  panel  > 

0.5  to  i 

> 

> 

1.0  ! 

20 

! 

4 Cf%  t  3.6 

Oter  UOi 

8 

! 

100*  t  3.6 

Total  > 

28 

'  "»" 

x  7.0 

Total  panels  on  area  **  230. 

Motet  The  basis  for  estimated  oasualties  in  Table  3*  is  given  in  report 
of  test  *B"*  165-mm*  howitzer  shell*  oonduoted  on  June  11*  1932. 
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b*  Estimated  Man  Casualties  from  Effsots  of  HS  Vapor. 

Sampling  maohlnea  were  placed  to  take  vapor  samples  at  positions  lndioated 
on  Chart  1.  In  eaoh  of  the  tables  which  follow,  representing  different 
sampling  periods,  the  sampling  positions  used  are  designated*  The  ES 
vapor  concentration,  c*t*  value,  and  %  estimated  man  casualties,  as 
estimated  from  the  vapor  concentration,  are  also  inoluded  in  each  of  the 
tables* 


The  o*t*  value  1b  equal  to  the  vapor  concentration  in 
milligrams  per  liter  times  the  exposure  period  in  minutes*  Estimated 
man  casualties  are  based  on  the  e.t.  value  using  the  valuation  curve 
given  on  Graph  1,  attached  to  this  report.  The  per  oent  estimated  man 

easualtles  in  the  following  tables  represent  man  protected  with  gas 
mask,  but  without  the  protection  of  impregnated  clothing*  The  sampling 
periods  as  given  in  eaoh  of  the  sub-headings  which  follow  are  only 
approximate  due  to  time  required  to  change  samples  in  sampling  machines. 

(1)  On  the  Target  Area. 

(a)  Firing  Period  Plus  10  Minutes* 

Table  Mo*  4. 


Post- a  Ele-  i  Sampling  period  a  Air  t  HS  t  Vapor  so.t*  i Estimated 
tlon  avation*  time  sain*  a  sampled*  in  a  conoon-  i  value  a  ma  sksd  man 


a  a  a  *  *  sampled atrs.tion*  a  casualties 


a 

ft. 

* 

" 

a 

1 

> 

liters* 

■g* 

ns 

> 

Mg»/l* 

a 

nr— 

0 

0 

a  6*  35 

to 

7*08  p*m| 

33 

a 

1146  > 

1*2 

t 

*0010  «  *05 

a 

42 

z 

a 

1 

a  6,38 

to 

7*05  p*ma 

30 

a 

1044  a 

76.0 

a 

*0753  *2.28 

> 

100 

F 

* 

0 

a 6* 55  to 

6*65  p.ma 

20 

a 

684  a 

8.9 

a 

*0129  a  .26 

a 

100 

G 

t 

0 

1 6+55 

to 

7*02  p*ma 

27 

a 

966  a 

65*3 

a 

.0676  >1*82 

a 

100 

P 

t 

1 

>6*35 

to 

7.07  p*m« 

32 

a 

U44a 

78.8 

a 

*0692  *2.20 

a 

100 

Average  88*4 
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Table  Ho,  6 


!Posi-  »  Ble»  »  Stapling  Period  t  Air  i  HS  i  Vapor  *c.t.  *Estimated 

tion  *  nation  i  Tine  isain**  swap  led*  In  i  oonoen-i valueiaaaked  nan 


it  t  t  s  soapiest  tratlom  toasualtiea 


* 

ft. 

t 

t 

* 

liters* 

■g. 

tng./l.  * 

t 

?r 

0 

t 

0 

*7*10  to 

7,66  p.n* 

t 

45 

* 

1564  t 

1*6 

t  ,0012  t 

.05* 

57 

K 

t 

1 

*7.06 

to 

7,66  p.m. 

* 

49 

* 

1700  * 

67.9 

t  ,0400  * 

1.96* 

100 

0 

> 

0 

*7,05 

to 

7*55  p,m. 

t 

52 

* 

1860  t 

61.6 

*  .0277  * 

1,43* 

100 

P 

* 

0 

*7,08 

to 

7,66  p.m. 

* 

47 

t 

1680  t 

50,5 

t  .0800  * 

1.41* 

100 

Average 

89. 

Average  98, 3 
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(d)  Four  Hour  Period  on  Day  Following  Firing* 


Table  Ho.  7 


s Sampling  period 

s 

Air  s 

HS 

s  Vapor 

*o.t. 

* Estimated 

tion 

sirations 

Time 

*Min.  s  sampled! 

in 

seoneen-STaluesmaaked  man 

s 

s 

s 

s 

s samples 

1 1 rati  on* 

s casualties 

stakes 

ft* 

s 

p.m. 

t 

s 

liters* 

mg. 

smg./l* 

s 

s 

76 

s 

1 

t 

10.26  to 

2.30 

s 

246s 

4620  s 

1.4 

*  .0008 

s  .07 

s 

73 

76 

t 

2 

s 

10.26  to 

2.30 

t 

246 1 

4520  s 

0.8 

s  .0002 

s  .06 

s 

68 

76 

s 

4 

t 

10.26  to 

2.30 

t 

246s 

4620  s 

0.4 

s  .0001 

s  .02 

s 

30 

120 

t 

1 

t 

10.30  to 

2.30 

s 

240s 

4300  s 

0.6 

s  .0001 

s  .02 

s 

30 

120 

t 

2 

s 

10.30  to 

2.30 

t 

240s 

4300  * 

0.0 

*  *0000 

s  .00 

s 

0 

186 

s 

1 

s 

10,36  to 

2.30 

s 

236s 

4270  s 

0.8 

s  .0002 

s  .04 

s 

60 

186 

s 

2 

t 

10.56  to 

2.30 

t 

235s 

4270  s 

0.0 

*  .0000 

s  .00 

s 

0 

185 

t 

4 

t 

10.36  to 

2.30 

s 

236s 

4270  s 

0.6 

s  .0002 

S  .04 

s 

60 

Average  38.1 
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(2)  Outside  of  Target  Area, 


(a)  Firing  Period  Plus  One  Hour. 
Table  No.  8. 


Posi¬ 

tion 

Ele-i  Sampling  Period  t 

vatiom  Time  *Min«s 

<  <  t 

Air  *  HS 
sampled*  in 

(samples 

t  Vapor  *  o.t. (Estimated 
*  ooncen- tvalue tmasked  man 
itrationi  (casualties 

JU2M 

< 

liters* 

mg. 

ttwa.w 

i 

i 

% 

R 

l 

*6.38 

to 

7*68 

p.m. 

* 

80 

1430 

t 

6.9 

(  .0041 

i 

.33 

i 

100 

S 

2 

*6.36 

to 

7*65 

p.m. 

80 

1430 

t 

1.2 

l  .0008 

.06 

i 

66 

R 

4 

*6.36 

to 

7.86 

p.m. 

* 

80 

1430 

t 

1.2 

i  .0008 

i 

.06 

i 

66 

V 

1 

*6*35 

to 

7.86 

p.m. 

s 

80 

1390 

t 

7.3 

i  .0062 

•42 

i 

100 

N 

2 

*6.36 

to 

7*66 

p.m. 

* 

80 

1390 

* 

6.3 

i  .0038 

i 

.30 

t 

100 

N 

4 

*6*38 

to 

7*86 

p.m. 

t 

80 

1890 

t 

3.7 

*  .0027 

i 

.21 

i 

100 

J 

1 

*6*35 

to 

7.86 

p.m. 

* 

80 

1390 

* 

7.6 

i  .0054 

i 

.43 

i 

100 

J 

2 

*6*35 

to 

7.66 

p.m. 

* 

80 

1390 

6.6 

i  .0040 

i 

.32 

t 

100 

J 

4 

*6*36 

to 

7.66 

p.m. 

* 

80 

1390 

* 

3.3 

(  .0024 

( 

•  19 

i 

100 

D 

1 

*6*36 

to 

7.86 

p.m. 

* 

80 

1410 

t 

3.6 

(  .0026 

i 

•  20 

i 

100 

D 

2 

*6*38 

to 

7.66 

p.m. 

* 

80 

1410 

* 

4.7 

(  .0033 

i 

.27 

i 

100 

D 

4 

*6*38 

to 

7.66 

p.m. 

* 

80 

1410 

t 

9.6 

(  .0067 

i 

.64 

i 

100 

H 

1 

*6*38 

to 

7.66 

p.m. 

t 

80 

1432 

* 

9.9 

i  .0069 

i 

.56 

i 

100 

H 

2 

*6*38 

to 

7.66 

p.m. 

t 

80 

1432 

* 

7.1 

i  .0060 

i 

*40 

i 

100 

R 

4 

*6.35 

to 

7.66 

p.m. 

t 

80 

1432 

t 

11.1 

t  .0078 

i 

.62 

i 

100 

M 

1 

*6*36 

to 

7.66 

p.m. 

* 

80 

1390 

t 

lleT 

t  .0084 

i 

.67 

* 

100 

M 

2 

*6.36 

to 

7.66 

p.m. 

* 

80 

1390 

t 

11*7 

(  .0084 

i 

.67 

i 

100 

M 

4 

s  6#  36 

to 

7,66 

p.m. 

t 

80 

1390 

* 

7.1 

i  .0061 

i 

.41 

i 

100 

ft 

1 

*6*36 

to 

7.66 

p.m. 

t 

80 

1430 

* 

7.1 

i  .0060 

i 

.40 

i 

100 

ft 

2 

*6*36 

to 

7.66 

p.m. 

* 

80 

1430 

t 

7.1 

i  .0060 

i 

.40 

i 

100 

ft 

4 

*6.35 

to 

7.66 

p.m. 

80 

1430 

* 

6.7 

i  .0040 

i 

.32 

i 

100 

V 

1 

*6.36 

to 

7*66 

p.m. 

* 

80 

1410 

* 

6.6 

t  .0039 

•31 

i 

100 

u 

2 

*6*36 

to 

7.66 

p.m. 

80 

1410 

t 

2.9 

(  .0021 

i 

*1T 

i 

100 

u 

4 

*6*36 

to 

7.85 

p.m. 

t 

80 

1410 

t 

4.3 

i  .0030 

i 

.24 

i 

100 

°*  Estimated  Men  Casualties  Based  on  Effects  on  Animals. 
Animals  were  plaoed  on  the  target  area  and  at  positions  downwind  from 
the  target  area  to  determine  effeots  of  the  gas  concentration  set  up 
and  how  long  the  liquid  HS  persisted  on  the  impact  area*  The  position 
of  the  animals  which  were  exposed  during  the  various  exposure  periods 
is  shown  on  Charts  6  to  10  inclusive*  The  animal  oasualtles  and 
estimated  man  casualties*  when  man  is  protected  with  gas  mask  only, 
are  given  in  the  tables  which  follow*  The  man  casualties  are  esti- 
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Bates  by  the  Medioal  Research  Division,  which  observed  and  studied 
the  effeots  on  all  animals  exposed.  Estimated  nan  casualties,  based 
on  effects  on  animals  are  shown  on  Charts  11  to  15  inclusive*  In 
the  tables  and  on  the  charts,  the  following  symbols  are  used  to 
designate  the  nature  of  the  animal  casualties * 


Cross  pathology  of  lung 
Respiratory  symptoms 
First  degree  skin  burn 
Seoond  degree  skin  burn 
Third  degree  skin  burn 
Simple  conjunctivitis 
Purulent  conjunctivitis 
Injury  by  shell  fragment 
Stomatitis 


(1)  On  Target  Area* 

(a )  Firing  Period  and  Following  10  Minutes*  During 
the  firing  period  and  following  10  minutes,  18  rats  k3  16  "goats  were  ex** 
posed  on  the  target  area*  Results  are  tabulated  in  the  following  tables. 
The  positions  of  the  animals  are  shown  on  Chart  6,  and  estimated  man 
casualties  on  Chart  11. 


Table  Ho,  8a 

Estimated  Man  Casualties  Based  on  Effeots  on  Rats 


Position 

of 

stake 

<  Mature  of 
t  casualty 

t 

Severity  t 
of  t 

casualty  < 

Position  of  «  Est,  casualties  when 
burn  t  man  is  protected  with 

t  gas  mask  only 

*  8S 

severe  t 

feet 

* - loo* - 

11 

*  ns2 

death  t 

feet 

t  10# 

47 

t  EiSg 

death  t 

feet 

*  ioog 

51 

*  85  z 

severe  t 

feet 

t  10# 

55 

death  t 

feet 

t  10# 

99 

t  ES9L 

death  t 

feet 

*  10# 

159 

*  ESZ 

mode  irate  t 

feet 

<  10# 

179 

t  S 

light  t 

feet 

t  10# 

185 

s  E 

light  t 

*  0 

187 

t  s« 

severe  t 

feet 

t  10# 

227 

*  ELS 

death  s 

feet 

<  10# 

281 

t  8gL 

death  t 

feet 

t  10# 

Average  casualties  based  on  18  rats  positions  -  6#, 
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Table  Ho.  8b 


Estimated  Man  Casualties  Baaed  on  Effects  on  Goats 


Position 

of 

stake 

i 

t 

t 

Veture  of 
Casualty 

t  Severity  1 
*  of  1 
t  casualty  t 

Position  of  t 
burn  t 

t 

Bste  casualties  when 
man  is  protected  with 
gas  mask  only 

1 

l 

E 

t  light 

* 

•  t 

0 

29 

l 

EjIS 

t  death 

1 

body  t 

100* 

33 

t 

*2* 

t  severe 

t 

•  t 

0 

73 

t 

*  death 

ibody  and  noset 

100* 

77 

l 

Vs 

t  severe 

tbody  and  noset 

100* 

113 

t 

BjRS 

t  severe 

t 

body  t 

100* 

117 

t 

E.RS 

<  severe 

t 

ears  • 

100* 

121 

B2L82* 

1  death 

t 

body  t 

100* 

161 

1 

S9SS9 

t  severe 

t 

body  t 

100* 

166 

t 

t  severe 

t 

body  t 

100* 

209 

□ 

WlpMM 

t  severe 

t 

body  t 

0 

Average  casualties  ba 


ed  on  16  goats  positions 


50*. 


(b)  Firing  Period  and  Following  Hour.  During  the 
firing  period  and  following  hour,  16  rats  and  17  goats  were  exposed  on  the 
target  area.  Results  are  tabulated  in  the  following  tables.  The 
position  of  the  animals  are  shown  on  Chart  7,  and  estimated  man  casualties 
on  Chart  12. 


Table  Ho.  9a 

Estimated  Man  Casualties  Based  on  Effects  on  Rats 


Position 

of 

stake 

Eature  of 
casualty 

t 

t 

t_ 

Severity  t 
of  t 

easualty  t 

Position  of 
burn 

1  test*  casualties  when 
t  man  is  protected  with 
*  gas  mask  only. 

28 

RS 

t 

severe  t 

feet 

1  100* 

27 

3 

t  mode  rate  t 

feet 

<  100* 

31 

ESL 

t 

death  t 

feet 

1  100* 

67 

3 

t 

light  t 

feet 

t  100* 

75 

SSL 

t 

death  t 

feet 

t  10c* 

111 

S2 

Moderate  t 

feet 

t  100* 

115 

ELS 

t 

death  t 

feet 

t  100* 

119 

B8L 

t 

death  t 

feet 

t  100* 

163 

ERS 

t 

light  1 

feet 

<  100* 

203 

ES 

t 

light  t 

feet 

1  100* 

207 

yHKMaTflH 

t 

death  t 

feet 

t  100* 

Average  casualties  based  on  15  rats  positions  •  73*. 
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Table  Ho.  9b 


Estimated  Ham  Caaualtles  Based  on  Effects  on  Qoata 


Position 

* 

Vature  of 

* 

Severity 

t 

Position  of  *  Est*  oasualties  when 

of 

t 

casualty 

> 

of 

t 

burn 

t  nan  is  proteoted  with 

stake 

t 

1 

joasualt^ 

t 

t 

gas  mask  only 

68 

* 

1 

severe 

snose  and  body* 

NX#! 

89 

t 

*8S2 

* 

severe 

t 

ears 

t 

100% 

98 

l 

B2RS2 

t 

severe 

t 

body 

t 

100% 

9T 

t 

t 

death 

* 

body 

t 

100% 

188 

1 

S 

1 

light 

1 

body 

t 

100% 

137 

t 

EoRS 

t 

severe 

tears  and  body* 

100% 

141 

i 

Bgl* 

< 

death 

t 

body 

t 

100% 

181 

t 

E«RS 

* 

severe 

t 

body 

t 

100% 

186 

t 

EL 

1 

death 

t 

t 

100% 

229 

s 

* 

death 

s 

body 

t 

100% 

Average  oasualties  based  on  17  goats  positions  »  59 


(°)  Period  from  Seoond  to  Fourteenth  Hour  After 
Firing,  During  the  period  from  the  seoond  and  fourteenth  hour  after  firing, 
IS  rats  and  9  goats  were  exposed  on  the  target  area.  Results  are  tabulated 
in  the  following  tables.  The  positions  of  the  animals  are  shown  on  Chart  8, 
and  estimated  man  casualties  on  Chart  15, 

Table  Ho,  10a 


Estimated  Man  Casualties  Based  on  Effeots  on  Rats 


Position 

of 

stake 

t  Mature  of 
t  casualty 

*  Severity 

*  of 

t  casualty 

t  Position  of 
t  burn 

t 

t  Est,  oasualties  when 
*  nan  is  proteoted  with 
t  gas  mask  only 

T  «£M,1  1 

t  ELS  2 

t 

death 

t 

fset 

*  100^ 

81 

s  LS 

t 

death 

t 

feet 

*  100% 

67 

t  ELS 

s 

death 

t 

feet 

*  100% 

71 

t  ELS 

s 

death 

t 

feet 

*  100% 

76 

t  ERS 

t 

severe 

t 

feet 

t  100% 

116 

s  SR 

s 

severe 

t 

feet 

*  100% 

119 

*  s2 

t 

severe 

t 

feet 

t  100% 

156 

*  ^2 

t 

severe 

t 

feet 

t  100% 

169 

t  ELS  2 

t 

death 

t 

feet 

*  100% 

168 

*  s3r 

s 

severe 

t 

feet 

*  100% 

208 

*  S2 

t 

severe 

t 

feet 

t  100% 

207 

s  SgRE 

* 

severe 

* 

feet 

t  100% 

Average  oasualties  based  on  IE  rats  positions  •  80%, 


Appendix  D 


-  12 


Table  No,  10b 

Estimated  Ban  Casualties  B&ssd  on  Effects  on  Goats 


Position  t  Hature  of  t  Sorority  Y  Position  of  t  Eat*  easualtias  when 
of  t  oasualty  <  of  <  turn  t  man  is  proteotsd  with 


89 

t 

*2*5 

t 

severe 

*  body  « 

97 

t 

IB 

t 

severe 

*  body  t 

1009c 

137 

t 

e|rs 

s 

severe 

tears  and  bodyt 

100% 

141 

t 

EgLS 

t 

death 

tears  and  bodyt 

100% 

181 

i 

E 

> 

moderate 

t  t 

0 

185 

i 

t 

severe 

tears  and  bodyt 

100% 

▲to rage  easualtias  based  on  9  goats  positions  -  66%. 


(d)  Pay  fallen*! aa  Firing  (13th  to  18th  Hour).  On 
the  day  following  firing,  tram  "tie"  istn to  tSS^Btk,"SBur  inclusive,  eight 
rats  and  four  goats  were  exposed  on  the  target  area.  Results  are  given  in 
the  following  tables.  The  positions  of  the  animals  are  shown  on  Chart  9, 
and  estimated  man  casualties  on  Chart  14. 

Table  go,  11a 

Estimated  ban  Casualties  Based  on  Bffeota  on  Rats 


Position  <  Mature  of  "t  Severity  s  Position  of 
of  <  oasualty  t  of  t  burn 

stake  t  i  casualty  t 


Est*  casualties  when 
man  is  proteoted  with 

Si  s£l  oaly 


95 

t  S3 

t  light  t 

feet 

t 

100% 

139 

t  ERS 

t  severe  t 

feet 

t 

100% 

143 

t  death  t 

feet 

t 

100% 

Average  oasualties  based  on  8  rats  positions  •  37,6%. 


Table  Ro,  lib 

Estimated  Han  Casualties  Based  on  Effects  on  Goats 


Position 

t 

Mature  of 

1 

Severity  t 

Position  of 

t  Est.  oasualties  when 

of 

t 

oasualty 

t 

of  t 

burn 

t  man  is  proteoted  with 

stake 

t 

t 

oasualty  t 

t  gas  mask  only 

97 

t 

S2 

t 

moderate  1 

body 

*  100% 

Average  oasualties  based  on  4  goats  positions  •  B6%. 
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(•)  Exposed  in  Shell  Craters  on  Third  Day  After 
Firing*  On  the  third  day  after  firing  so von  rats  and  one  goat  were  exposed 
on  the  target  area  in  shell  craters.  Results  are  given  in  the  following 
table. 


Table  Mo.  12 


Estimated  Man  Casualties  Based  on  Effects  on  Rats 


Nature  of 
oasualty 

1  Severity  of 
t  oasualty 
a 

< 

t 

_i 

Position  of 
burn 

a 

1 

t 

test*  casualties  when 
man  is  protected  with 
gas  mask  only. 

L 

t 

death 

t 

a 

100* 

E2RS2 

a 

severe 

a 

a 

100* 

L 

1 

death 

a 

a 

100* 

E 

t 

light 

a 

feet 

a 

0 

The  goat  exposed  was  not  a  easualty. 


(f )  Exposed  in  Shell  Craters  on  Seventh  Day  After 
Firing.  On  the  seventh  day  of  the  firing,  seven  rats  and  one  goat  were 
exposed  on  the  target  area  in  shell  orators.  Results  are  given  in  the 
following  table. 


Table  No.  13 

Estimated  Han  Casualties  Based  on  Effects  on  Rats 


Nature  of 
oasualty 

a  Saverity  of 
«  oasualty 
a 

t 

t 

a 

Position  of 
burn 

a 

Est*  casualties  when 

men  is  proteetsd  with 
gas  mask  only 

BS 

a 

light 

a 

feet 

a 

Eg8 

1 

severe 

a 

feet 

a 

100* 

E 

a 

light 

a 

a 

0 

ERS 

a 

. ,  _ 

a 

feet 

a 

100* 

The  goat  exposed  was  not  a  casualty. 


(2)  Downwind  from  Target  Area. 

(a)  Firing  Period  and  Following  Hour.  During  the 
firing  period  and  following  hour,  eight  rats  and  four  goats  were  exposed 
at  positions  downwind  from  the  target  area.  Results  are  given  in  the 
following  tables.  The  positions  of  the  animals  are  shown  on  Chart  10 
and  estimated  man  casualties  on  Chart  16. 
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Table  Ho,  14*. 


Estimated  Man  Casualties  Based  on  Effects  on  Rats 


Position 

of 

stake 

Mature  of 
casualty 

t 

a 

J 

Severity 

of 

casualty 

a 

1 

« 

Position  of 
burn 

t 

1 

Est*  casualties  when 
man  is  proteoted  with 
gas  mask  only 

250 

ES 

T 

moderate 

T" 

feet 

T 

1005C 

251 

es2l 

t 

death 

a 

feet 

t 

IOC# 

258 

s 

< 

moderate 

1 

feet 

1 

10c# 

259 

ES 

a 

moderate 

a 

feet 

< 

10c# 

263 

S2 

s 

severe 

a 

nose 

t 

100# 

271 

_ £2 _ 

< 

severe 

a 

nose 

a 

100# 

Table  No»  14b 

Estimated  Man  Casualties  Based  on  Effeets  on  Goats 


Position 

a 

Mature  of 

< 

Severity 

< 

Position  of 

t 

Eat®  casualties  when 

of 

< 

casualty  a 

of 

1 

burn 

: 

van  is  protected  with 

stake 

a 

t 

casualty 

t 

gas  mask  only 

254 

a 

EgES 

t 

severe 

feet 

1 

100# 

265 

t 

ER 

t 

moderate 

1 

a 

0 

266 

a 

EZR* 

t 

moderate 

1 

a 

0  * 

267 

t 

» 

severe 

t 

t 

0  • 

*  The  author  does  not  agree  with  man  casualty  estimates,  made  by  the 
Medical  Research  Division*  representing  goats  fios,  266  and  267,  It  is 
thought  that  these  animal  casualties  should  be  interpreted  as  100# 
man  casualties  instead  of  0#  man  casualties* 

8«  Discussion. 

a*  Shell  Distribution*  The  shell  mere  fired  for  equal 
distribution  of impacts  on  the  target  area*  Of  the  40  shell  fired  for 
effect,  26  registered  on  the  target*  The  oraters  produced  by  these  26 
shell  were  all  within  an  area  of  16,000  square  yards  whioh  is  about 
80#  of  the  target  area*  Aside  from  the  impacts  on  the  target  area,  there 
were  12  additional  impacts  within  a  distance  of  70  yards  from  the  edge 
of  the  target  area*  Eight  of  these  were  partly  effective  on  the  target 
area  due  to  wind  direction*  This  is  shown  on  Chart  2,  by  the  presence 
of  liquid  ES  on  the  extreme  west  side  of  the  area. 
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b*  Impaot  Area.  The  number  of  animal  positions  included 
within  the  impaot  area,  as  distinguished  from  the  target  area, 
was  56,  and  sinoe  eaeh  animal  was  located  on  the  center  of  a  20-yard 
square,  for  purposes  of  discussion,  the  size  of  the  impact  area  may 
be  regarded  as  22,000  sq«  yd.  The  animal  positions  on  the  impaot 
area  and  number  of  impacts  on  each  20-yard  square  are  given  in  table 
16, 


o,  Estimated  Man  Casualties  from  Liquid  HS. 

(1)  Effects  of  Meteorological  Conditions,  The  only 
meteorological  factor  having  any effect  on  the  size  of  the  area 
covered  with  liquid  HS,  by  the  burst  of  a  single  shell,  is  wind 
velocity.  The  wind  velocity  during  the  firing  period  in  the  present 
test  was  1*5  o*p*h*  which  was  too  low  to  oarry  the  large  HS  drops  very 
far,  sinoe  the  distance  they  are  carried  is  dependent  on  the  Interval 
of  time  they  are  in  the  air  and  wind  travel  during  that  period* 
Theoretically,  the  wind  velocity  was  too  low  to  produoe  the  mm-riimm 
number  of  casualties  from  liquid  HS  per  shell  due  to  the  restricted 
size  of  the  area  which  would  theoretically  be  eovered  with  liquid  HS 
by  each  burst,  in  the  presence  of  suoh  a  low  wind* 

(2)  Pro  tooted  with  Gas  Mask  but  Without  Protection 
of  Impregnated  Clothing*  Be  suits  from  papier  panels  In  tablo  2,  show 
that  personnel  exposed  with  equal  distribution  on  the  target  area  during 
the  firing  period  would  suffor  64*7^  casualties  from  liquid  HS  when 
protected  with  gas  masks  only*  These  estimated  casualties  were  partly 
due  to  the  impact  of  7  shell  west  of  the  target  area,  all  of  which 

were  only  slightly  effective*  Liquid  HS  effeots  on  the  target  area,  from 
shell  which  burst  outside  of  the  target  area,  was  probably  much  more 
than  counter  balanced  by  effeets  downwind  from  the  target  area,  by 
shell  which  burst  on  the  target  area*  The  effectiveness  of  the  HS 
liquid  downwind  is  Indicated  by  a  heavy  pattern  en  about  60JS  of  the 
panels  on  the  downwind  edge  of  the  target  area,  eo  that  in  oaloulationa 
no  serious  error  will  be  Involved  to  disregard  effects  of  Impacts  upwind 
from  the  target. 

If  27  shell  will  produoe  64*7^  casualties  by  effeots 
of  liquid  HS,  on  an  area  of  2S,100  sq,  yd*,  about  9  shell  distributed 
per  100-yard  square  are  required  to  produce  60^  casualties,  when  man  is 
protected  with  gas  mask  only* 

(t)  Protected  with  Gas  Mask  and  Standard  Impregnated 
Clothing,  Prom  results  given  in  table  3,  It  is  estimated  that  personnel 
protected  with  gas  masks  and  standard  impregnated  clothing,  exposed  with 
equal  distribution  on  the  target  area  during  the  firing  period  would 
suffer  about  7%  casualties  from  liquid  HS* 
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If  27  shell  will  produo*  7#  casualties  from  the 
off  sots  of  liquid  HS  on  an  are*  of  28,100  »q.  yd*  about  84  shell 
diatributed  per  100- yard  equare  are  required  to  produce  60# 
oaaualtie*  when  man  la  pro  tooted  with  gaa  mask  and  ■  tends  rd 
impregnated  clothing. 

d.  Yegor  Concentration  Required  to  Produoe  Man  Casualties. 

A  dieeuBBion  of  the  exposure  period  required  to  produoe  nan  caaualtlea 
from  H8  -vapor  la  given  in  Teat  "A*,  "Report  of  Teat  of  HS  ?illed  166-aa* 
Howitzer  Shell*,  oonduoted  Hay  25,  1952. 

In  the  preaent  teat,  the  air  temperature  waa  88*  to  60°P* 
and  wind  velooity  1.5  m.p.h.  during  the  firing  period  and  following 
hour*  Thee*  meteorologloal  condition*  were  very  favorable  to  build 
up  a  high  -vapor  concentration. 

(1)  On  the  Target  Area.  Estimated  man  casualties 
on  the  target  area,  from  the  effects  of  HS  vapor  for  the  different 
exposure  periode,  are  tabulated  in  tablet  4  to  7  inclusive,  and 
reaults  are  shown  graphically  on  Charts  8  to  6  inclusive. 

(a)  Firing  Period  and  Following  Tan  Minute*. 

Fro*  the  results  of  vapor  sample*  in  table  4,  representing  the  firing 
period  and  following  ten  minutes,  it  1  a  estimated  that  man  with  the 
protection  of  gas  mask  only,  would  suffer  about  88*4#  casualties  from 
effect*  of  HS  vapor.  This  astimate  is  baaed  on  the  average  reeults  of 
vapor  samples  taken  at  6  different  positions  an  the  target  area. 

Some  figure*  era  given  in  the  fifth  column  of  table  16, 
which  represent  a  mere  eomplete  study  of  the  vapor  oonoentratloa  on  the 
target  area*  The  figures  In  this  eolumn  for  each  20-yard  square,  are 
estimates  based  on  results  obtained  at  the  five  sampling  positions,  the 
position  of  nearest  impacts  and  the  wind  dlreetioa.  Based  on  the 
figures  in  this  eolumn,  personnel  exposed  on  the  target  area  during 
the  firing  period  and  following  10  minutes,  would  suffer  about  95# 
casualties,  whan  protected  with  gas  mask  only. 

The  peroent  estimated  casualties  for  each  20-yard  square 
as  given  is  table  16,  is  shown  graphically  on  Chart  8*  The  shaded 
area  on  the  chart  represents  that  part  of  the  area  on  which  100# 
casualties  would  be  produeed  by  the  effeots  of  HE  vapor  when  man  is 
protected  with  gas  mask  only.  The  peroent  casualties  shown  on  Chart  8, 
are  based  on  the  effeots  of  28  shall.  If  28  shell,  distributed  over 
an  area  of  26,400  sq.  yd*  will  produoe  96#  casualties  by  effects  of 
HS  vapor,  it  will  require  theoretically,  about  5.6  shell  distributed 
per  100- yard  square  to  produoe  60#  casualties.  When  the  area  to  be  gassed 
consists  of  a  number  of  100-yard  squares,  then  the  number  of  shell 
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required  per  square  will  be  reduced*  since  the  HS  Tap or  from  shell 
bursts  on  the  upwind  square  will  travel  downwind  and  be  effective 
on  the  downwind  squares.  The  above  dlsoussion  does  not  take  into 
consideration  the  effects  from  liquid  HS*  which  will  result  in 
additional  easualtiea.  For  oasualties  by  effects  of  liquid  HS* 
see  sub-paragraph  8  o  (2). 

(b)  Firing  Bsriod  and  Following  Hour.  Frcm  the 
results  of  vapor  samples  given  in  table  4*  representing  the  firing 
period  and  following  hour*  it  is  estimated  that  man  with  the  pro¬ 
tection  of  gas  mask  only*  would  suffer  about  98.  3#  oasualties  from 
HS  vapor  if  exposed  on  the  target  area  during  the  firing  period  and 
following  hour.  This  estimate  is  based  on  the  average  results 
of  vapor  samples  taken  at  7  different  positions  on  the  target  area. 

Some  figures  are  given  in  the  fifth  column  of  liable 
17*  which  represent  a  more  complete  study  of  the  vapor  eaaoentration 
en  the  target  area.  The  figures  in  this  column,  for  eeoh  20-yard 
square*  are  estimates  based  on  results  obtained  at  the  seven  sampling 
positions*  the  position  of  nearest  impacts  end  the  wind  direction. 

Based  on  the  figures  in  this  oolumn,  personnel  exposed  on  the  target 
area  during  the  firing  period  and  following  hour*  would  suffer  about 
99*0J(  oasualties  whloh  eheoks  98.3/S*  the  pereent  given  in  table  8* 
representing  average  results  at  seven  sampling  positions.  The  shaded 
area  on  Chart  4*  shows  that  part  of  the  target  area  en  which  it  is 
estimated  100^  oasualties  would  result  from  HS  vapor  on  exposure 
during  the  firing  period  and  following  hour*  when  man  is  protected 
with  gas  mask  only. 

If  27  shell  distributed  on  an  area  of  26*400  sq»  yd. 
will  produee  99.0/5  oasualties  by  effects  of  HS  vapor*  it  will  re¬ 
quire  about  5.4  shell  distributed*  per  100-yard  square  to  produoe  60J5 
oasualties  from  H8  vapor*  when  man  is  protected  with  gas  mask  only. 

In  figuring  the  above  shell  requirements*  as  well  as 
shell  requirements  in  the  previous  paragraph*  for  firing  period  plus 
10  min.*  the  foot  was  not  taken  into  consideration  that  the  e.t.  values 
for  eeoh  of  the  periods  show  that  the  vapor  concentration  on  many  of 
the  20-yard  squares*  was  very  much  in  exoese  of  requirements  to  produee 
100J5  casualties. 

In  the  fourth  column  of  table  17*  the  average  e.t. 
value  is  0*96*  which  is  about  nine  times  0.11*  the  e.t.  value  required 
to  produce  100#  oasualties.  On  this  basis*  lees  them  one  shell  per 
100-yard  square  would  bo  required  to  produoe  60#  oasualties  from  the 
off sots  of  HS  vapor.  This  figure  is  only  of  theoretical  interest 
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however,  as  probably  only  a  small  part  of  the  10O*yd*  square  would 
be  covered  with  HE  vapor  from  the  impaot  burst  of  a  single  shell* 

The  figures  however  are  of  interest  as  they  show  that  the  vapor  from 
one  shell,  if  sufficiently  and  evenly  distributed  over  the  area,  would 
produce  B0%  man  casualties,  when  man  is  proteoted  with  gas  mask,  under 
the  aeteorologioal  conditions  of  the  test* 

(c)  Four  Hour  Period  on  Day  Following  Firing* 

From  the  results  of  vapor  samples  in  table  7,  representing  the  four  hour 
period  on  day  following  firing,  it  is  estimated  that  wa,  with  the 
proteotion  of  gae  mask  only,  would  suffer  oaeualtiee  if  they  ooeupied 
the  area  for  a  period  of  three  or  four  hours* 

(2)  Outside  of  the  Target  Area*  Estimated  man  casualties 
at  sampling  positions  outside  of  the  target  area,  are  given  in  table  8 
for  the  firing  period  and  following  hour*  Vapor  samples  were  obtained 
upwind  as  well  as  downwind  from  the  impact  area*  The  faot  that  vapor 
samples  were  obtained  upwind  was  due  to  the  Impact  of  shell  outside  of 
the  target  area.  A  high  vapor  concentration  was  obtained  at  all  downwind 
sampling  positions*  It  is  estimated,  from  the  vapor  concentration  at 
each  of  the  five  sampling  positions,  that  personnel  proteoted  with  gae 
mask  only,  exposed  during  the  firing  period  and  following  hour,  at 
positions  SO  yd*  downwind  from  the  target  area,  would  suffer  100% 
oaeualtiee  from  HS  vapor. 

e*  Estimated  Man  Oaeualtiee  Based  on  Effcote  on  Animals. 

Animal  oaeualtiee  and  estlnated  man  oaeualtiee  based  on  effeots  on 
animals  are  recorded  in  tables  8a  to  14b  inclusive*  Animal  positions, 
animal  oasualties,  and  estimated  man  oaeualtiee,  based  on  effeots 
on  animals,  are  shown  on  Charts  6  to  16  inolueive. 

(1)  Estimated  Man  Oaeualtiee  on  the  Target  Area,  when 
Msn  ie  Proteoted  with  dae  Masic  Only.  ' 

(a)  Firing  Period  and  Following  Ten  Minutes.  From 
the  animal  oaeualtiee  given  in  tables  8a  to  8b,  It  is  estinatedTthat 

man,  proteoted  with  gae  mask,  exposed  on  the  target  area  during  the  firing 
period  and  following  10  min*  would  suffer  6l£  oaeualtiee,  based  on  rats 
and  50JC  based  on  goats  or  66*6£  based  on  rats  end  goats* 

(b)  Firiag  Period  and  Following  Hour.  Estimated 
man  oaeualtiee  on  the  target  area  for  the  firing  period  and  following 
hour  are  given  in  tables  0a  and  9b*  It  ie  estimated  that  man  proteoted 
with  gas  mask,  would  suffer  about  78£  oasualties  based  on  effecte  on  rate 
and  W%  based  on  goats  or  about  66?C  based  on  rats  end  goats* 

(o)  Period  from  2nd  to  16th  Boar  After  Firing. 
Estimated  man  oasualties  due  to'  exposure  on  the  target  area  during  the 
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12  hr*  period  fro*  the  2nd  to  the  13th  hour  after  firing*  are  given  in 
table*  10a  and  10b.  Froa  the  animal  eaaualtlea  it  ia  estimated  that 
man  casualties  mould  be  90)L  baaed  on  rats  and  WjL  baaed  on  goata  or 
about  7l£  baaed  on  rats  and  goats* 

fa)  Day  Following  Teat  (13th  to  18th  hour)* 
Estimated  man  oasualties  due  to  exposure  on  the  target  area  on  the 
day  following  firing*  from  the  13th  to  the  18th  hour*  are  given  in 
table*  11a  and  lib*  The  result*  shorn  that  if  the  target  area  ia 
oooupied  by  personnel  with  proteetlen  of  gas  masks  only*  on  the 
day  following  firing  for  a  period  of  three  or  four  hours*  oasualties 
will  result* 


fa)  BxP°aur*  in  Shell  Craters.  Estimated  man 
oasualties  due  to  exposure  in  shell  eraters  for  a  period  of  24  hr* 
are  given  in  tables  12  and  13*  From  the  animal  oasualties*  it  is 
estimated  that  oasualties  mill  result*  if  the  impact  area  is  oooupied 
by  personnel  proteoted  with  gas  masks  only*  within  seven  days  after 
date  of  shelling* 

fa)  Downwind  trim  Target  Area* 

fa)  Firing  Period  and  Following  Hour*  Estimated 
nan  oasualties  downwind  from  the  target  area  are  given  in  tables  14a 
and  14b*  From  ths  animal  rssults*  it  is  estimated  that  personnel 
proteoted  with  gas  masks  only  who  oooupy  the  downwind  area*  within  80 
yd*  from  the  position  of  inpaot*  during  ths  firing  psriod  and  follow¬ 
ing  hour*  will  probably  beeome  oasualties* 

f*  Comparison  of  Fsroent  Estimated  Man  Casualties  Based 
on  Measurements  of  the  flap  Concentration  and  by  Effects  on  Animals* 
1>!hen  Man  is  Proteoted  with  flag  MaskOnly  . 

(1)  Firing  Period  and  Following  Ten  Minutes*  In  table 
16*  estimated  man  oasualties  are  given  for  each  20- yard  square *  based 
on  the  following  offsets  and  methods  of  figuring  oasualties*  when  man 
proteoted  with  gae  mask  only*  is  exposed  on  the  target  area  during  the 
firing  period  and  following  ten  minutes* 

(a)  HS  liquid  using  panel  data. 

{' b )  SS  vapor  from  vapor  samples* 

(o)  Combined  offset  of  BS  liquid  and  H8  vapor. 

(d)  Effeet  on  animals* 

Figures  in  this  table  show  that  100J*  oasualties  would  be 
produeed  on  96*6j£  of  the  target  area*  based  on  the  oomblned  effeot  of 
HS  liquid  and  vapor  and  67*6^*  based  on  effeots  on  animals  or  ?7*0£ 
baaed  on  an  average  of  the  two  methods  of  figuring  oasualties* 
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Table  No,  15 


Estimated  Casualties  on  the  TargatArea  Representing  Exposure 
During'  'firing  <md  Following  10  Minutes 
(Area  26 « 400  sq.yd. ) 


Stake  no*  t  ImpaotstFrom  HS  liquidiFrom  ES  vapor* From  BS  liquid: From  effeots  on 
at  oentertvrithin  * Estimated  man  *o*t.  *Bst*fcant  and  vapor  *  animals 
of  20-yd*i20-yd*  *  easualties  lvalue* oasual-* Estimated  man  : Animal  tEst*  man 

square  t square  *  t  *  ties  *  casualties  : casualties* casualties 

1 

t 

0  * 

* 

0 

<  < 

*  *07* 

t  * 

73  t 

% 

73 

1  * 

tS  light  * 

0 

3 

0  t 

0 

s  *20* 

100  t 

100 

I  t 

0 

5 

0  * 

23 

*  *60* 

100  ( 

100 

t  • 

7 

2  * 

73 

t  *90* 

100  * 

100 

*$2  severe  t 

100 

9 

1  * 

66 

*  *90* 

100  * 

100 

t  t 

11 

0  * 

66 

t  *60* 

100  t 

100 

sBjSg  death* 

100 

23 

0  » 

10 

t  *06* 

68  * 

62 

t  * 

26 

0  * 

36 

«  .15* 

100  s 

100 

t  * 

0 

27 

1  t 

60 

*  *10* 

93  t 

97 

t  * 

29 

2  t 

79 

*  *80* 

100  t 

100 

iBgLS  death* 

100 

31 

0  t 

66 

t  *80* 

100  * 

100 

t  t 

33 

0  t 

86 

*  .60* 

100  * 

100 

lEgR  severe* 

0 

46 

0  t 

30 

t  *06* 

68  t 

71 

s  t 

47 

0  t 

79 

«  .15* 

100  t 

100 

tEiSy  death* 

100 

49 

1  I 

92 

*  1*0  t 

100  * 

100 

t  t 

61 

0  > 

87 

t  1*6  t 

100  t 

100 

*85  severe  t 

100 

63 

a 

• 

1  t 

100 

«  1*6  t 

100  l 

100 

*  t 

66 

0  t 

96 

*  *80* 

100  t 

100 

lESL  death  1 

100 

67 

1  > 

62 

t  *30* 

100  * 

100 

t  t 

69 

0  * 

79 

*  *80* 

100  t 

100 

1  t 

0 

71 

1  1 

87 

t  .30* 

100  t 

100 

t  1 

76 

1  * 

91 

t  1.60* 

100  * 

100 

*E»LS«  X  death  100 

76 

3  * 

96 

*  1.6  t 

100  f 

100 

*  l 

77 

0  * 

93 

*  1*0  * 

100  l 

100 

lEgSS  severe 

100 

89 

0  t 

83 

*  *30* 

100  t 

100 

t  t 

91 

1  t 

78 

t  1*00* 

100  t 

100 

*  t 

0 

93 

0  t 

60 

*  .40* 

100  * 

100 

t  * 

96 

0  t 

86 

*  *40* 

100  1 

100 

t  t 

0 

97 

0  t 

98 

*  1*00* 

100  t 

100 

t  l 

99 

1  I 

90 

*  1*00* 

100  I 

100 

lESgL  death* 

100 

111 

0  * 

46 

t  *30* 

100  t 

100 

*  1 

118 

1  t 

81 

l  1*00* 

100  « 

100 

tEgBS  sever# 

100 

116 

0  t 

82 

t  1.00* 

100  * 

100 

t  t 

117 

0  s 

89 

t  .40* 

100  * 

100 

sEgRS  severe 

100 

119 

2  t 

100 

«  1*00* 

100  t 

100 

s  a 

121 

1  * 

100 

t  1.00* 

100  < 

100 

lEeLS*  X  death  100 

183 

0  * 

73 

t  *30* 

100  t 

100 

*  t 

136 

0  t 

81 

*  *20* 

100  * 

100 

t  * 

0 

137 

1  s 

87 

1  *40* 

100  * 

100 

*  t 
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R7V 


•  no* 
at  oenter 
of  20-yd. 
square 


Impacts* From 
within  i Estimated  man 
20-yd,  t  oasualties 
re  x 


JtUU 


139  *  0 

141  t  0 

14S  s  0 

155  s  0 

167  *  0 

159  *  1 

161  s  0 

163  s  2 

165  *  0 

177  « 

179  f 

181  t 

183  t 

135 
187 
199 
201 
203 
205 
207 
209 
221 
223 
225 
227 
229 
281  »  0 
Total  andt 
averages  s  28 


I 


o.t.  sBst*aan 


value 


•  40: 

1.0  i 

,80: 

•  30: 
•03: 

•  10: 
1.00: 
2,00: 

•  6  : 

•  30: 
•03 
•03 
.10 

2.00: 

•60: 

•20 

.10 

•10 

•20 

•20: 

.20 

•  16 
•15 
•16 
•IS 
•16 
.16 


casual* 

ties 


and  vapor 
5 atlas ted  nan 
casualties 


animal: 

Animal 

oasualties 


ES  moderate 


BgRSg  aevere 


BjRSg  severe 


S  light 
E  light 


8^  severe 


EgR  severe 


ELS  death 


SgL  death 


Sat*  man 
oasualties 


NOTEt  See  page  10  for  meaning  of  symbols  used  in  column  7, 
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The  average  percentages  given  in  table  IB,  are 
based  on  the  total  target  area*  In  table  16,  whioh  follows,  results 
are  given  to  inolude  only  the  impaot  area  as  defined  in  paragraph  8  b* 

Estimated  casualties  given  in  table  18,  are  based 
on  an  area  of  22,000  sq.  yd,  on  whioh  there  were  28  inpaots,  Results 
in  this  table  show  an  average  of  98*6J(  man  casualties  based  on  the 
effects  of  H8  liquid  and  vapor,  and  62»1J{  based  on  off eots  on  animals, 
or  an  average  of  80,8J(  based  on  the  two  methods  of  figuring  casualties. 
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Table  No,  16 


Batlaated  Caeoalti.ee  on  the  Impact  Area  (22,000  Bq.yd« ) 
Firing  Period  an?  Following  Ten  Minutes. 


Stake  number  i Impacts  ■  t 
at  oenter  of  nrithln  t 

20»yd,  square 1 20  yd*»q«  t 

From  ES  liquid 
and  vapor 

From  effeots 
on  animal  a 

6 

t 

0  t 

Too 

T 

t 

2  s 

100 

100 

9 

t 

1  * 

100 

11 

1 

0  t 

100 

100 

26 

t 

0  t 

100 

0 

27 

* 

1  t 

97 

29 

t 

2  * 

100 

100 

SI 

i 

0  l 

100 

55 

i 

0  t 

100 

0 

47 

t 

0  t 

100 

100 

49 

t 

1  i 

100 

61 

t 

0  t 

100 

100 

55 

t 

1  t 

100 

66 

1 

0  < 

100 

100 

67 

t 

1  t 

100 

69 

« 

0  * 

100 

0 

71 

i 

1  t 

100 

75 

t 

1  * 

100 

100 

75 

i 

5  : 

100 

77 

t 

0  t 

100 

100 

89 

s 

0  i 

100 

91 

i 

1  s 

100 

0 

95 

• 

m 

0  i 

loo 

95 

S 

0  t 

100 

0 

97 

t 

0  t 

100 

99 

t 

1  < 

100 

100 

111 

i 

0  I 

100 

118 

t 

1  t 

100 

100 

116 

t 

0  t 

100 

117 

1 

0  t 

100 

100 

119 

1 

2  t 

100 

121 

1 

1  i 

100 

100 

158 

t 

0  l 

100 

155 

1 

0  l 

100 

0 

157 

t 

1  t 

100 

159 

t 

0  s 

100 

100 

141 

1 

0  l 

100 

145 

t 

0  s 

100 

0 

155 

t 

0  s 

100 

157 

t 

0  I 

72 

0 

169 

1  1 

98 

•  24  - 
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Table  Mo.  16  (ContM, ) 


Stake  number 

i 

Impaots 

at  center  of 

t 

within 

(From  SB  liquid 

20-yd,  squaret 

20-yd*  8C[t 

i  and  vapor 

a  on  animals 

- - m - 

a 

0 

a  L  1<5&  L . 

ram  c»i*i^bhh 

168 

t 

2 

«  100 

165 

t 

0 

a  100 

s  100 

177 

» 

0 

<  100 

161 

t 

0 

a  60 

168 

a 

0 

a  67 

a  0 

186 

a 

3 

a  100 

187 

s 

0 

t  100 

a  100 

206 

] 

0 

a  100 

a  0 

207 

t 

0 

a  ICO 

209 

t 

0 

a  100 

a  0 

237 

1 

0 

a  100 

a  100 

229 

! 

1 

a  100 

281 

t 

0 

a  100 

a  100 

Total  and  Average 

28 

a  9tJ,® 

a  62.1 

(2)  Firing  Period  and  Folio wing  Hour, 

In  table  17,  whioh  follows,  estimated  man  casualties 
are  given  for  eaeh  20- yard  square,  when  man  protected  with  gas  Basks 
only.  Is  exposed  on  the  target  area  during  the  firing  period  and  the 
following  hour. 
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Tshle  Ho,  XT 


latiaated  Casualties  on  the  Target  Area  Representing  Exposure 
During  Firing  end  Following  Hour  ’ 


Stake  do* 
at  oenter 
of  20~yd« 


Inpacts 

within 

20-yd. 


From  HS  Liquid 

Istinated  au 
casualties 


Fron 


c.t. 

■value 


vapor 


casual- 


Proa  ES  liquid 
and  vapor 
Eetlnated  nan 


Fron  effects  on 
anlnals 

Anina'l  '  flatT  i 


square 

square  * 

l  t 

ties  * 

casualties 

t  casualties *  oasualtlea 

1 

i 

0  » 

0 

*  t 

1  .12* 

100  * 

% 

100 

t  t 

?! 

8 

0  t 

0 

*  *54* 

100  * 

100 

*  * 

6 

0  t 

28 

t  1*02 t 

100  * 

100 

*  t 

0 

7 

2  t 

78 

1  lo 69 i 

100  * 

100 

»  t 

9 

1  < 

66 

t  1*69* 

100  * 

100 

1  t 

0 

11 

0  » 

66 

t  1*02* 

100  * 

100 

*  t 

28 

0  1 

10 

i  *08* 

80  * 

82 

iRS  severe  t 

100 

26 

0  f 

56 

s  *26* 

100  t 

100 

t  t 

27 

1  1 

60 

l  *17* 

100  * 

100 

tS  noderate* 

100 

29 

2  s 

79 

*  1*86* 

100  * 

100 

t  t 

81 

0  » 

86 

*  1*56* 

100  * 

100 

tESL  death  t 

100 

88 

0  t 

86 

t  1.02* 

100  * 

100 

s  t 

46 

0  l 

80 

i  *08* 

80  * 

86 

x  t 

0 

47 

0  t 

79 

i  *25* 

100  * 

100 

x  t 

49 

1  1 

92 

*  1.70* 

100  t 

100 

<  * 

0 

61 

0  t 

87 

t  2*60* 

100  * 

100 

*  * 

68 

1  t 

100 

<  2*60* 

100  * 

100 

xEgBSf  severe 

loo 

66 

0  l 

96 

<  1*36 s 

100  t 

100 

*  t 

67 

1  * 

62 

*  .51: 

100  * 

100 

tS  light  t 

100 

69 

0  l 

79 

*  .51* 

100  * 

100 

x  * 

71 

1  t 

87 

t  .61* 

100  * 

100 

X  t 

0 

78 

1  t 

91 

*  2*99* 

100  * 

100 

X  X 

76 

3  t 

96 

t  2*99* 

100  * 

100 

xESL  death  t 

100 

7T 

0  « 

98 

*  1*70* 

100  * 

100 

%  * 

89 

0  t 

88 

t  .51* 

100  * 

100 

SE5S2  severe 

100 

91 

1  s 

73 

*  1,70* 

100  * 

100 

X  X 

98 

0  x 

80 

*  .68* 

100  * 

100 

xEgRSg  severe 

100 

95 

0  * 

85 

l  *68* 

100  * 

100 

x  1 

97 

0  l 

96 

*  1.70* 

100  t 

100 

lEgLS  death 

100 

99 

1  t 

90 

*  1*70* 

100  t 

100 

111 

0  * 

46 

t  *51* 

100  t 

100 

*8g  noderate 

100 

118 

1  1 

81 

t  1«70( 

100  * 

100 

116 

0  1 

82 

*  1.70* 

100  * 

100 

*ELS  death  t 

loo 

117 

0  s 

89 

t  •68* 

100  * 

100 

*  X 

119 

2  1 

100 

*  1.70* 

100  t 

100 

sEUS  death  t 

loo 

121 

1  1 

100 

*  1.70* 

100  t 

100 

*  t 

188 

0  t 

78 

s  .61* 

100  t 

100 

xS  light  x 

100 

186 

0  * 

81 

*  ©Six 

100  t 

100 

t  t 

* 

157 

1  » 

87 

*  .68* 

100  * 

100 

xE«RS  severe 

100 
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Table  Ho,  17  (Cont’d.) 


Stake  no* 
at  center 
of  20-yd. 
square 

Impacts  sFrom  US  liquldsFrom  HS  vaporiFrom  HS  liquids  From  effects  on 
within  t Estimated  man  *©.t.  »Est.man*  and  vapor  s  animals 

20-yd*  t  oasualties  s value soasual-s Estimated  man  t Animal  sEst.  man 

square  s  t  t  ties  t  casualties  seasualtiess oasualties 

189 

s 

0  s 

* 

86 

s  s 

t  .68* 

100  s 

% 

IX 

s  s 

s  s 

141 

0  s 

88 

s  1.70s 

100  s 

IX 

*E.LS  deaths 

100 

14S 

0  * 

100 

s  1.36s 

100  s 

IX 

6 

166 

0  * 

80 

1  .61* 

100  s 

IX 

s  s 

0 

167 

0  * 

62 

s  »06i 

68  s 

80 

s  s 

189 

1  s 

67 

s  .17s 

100  s 

IX 

s  s 

0 

161 

0  s 

78 

s  1.70* 

100  s 

IX 

s  s 

163 

2  s 

76 

t  3.40s 

100  s 

IX 

sEHS  light  s 

IX 

166 

0  s 

63 

s  l*02t 

100  s 

IX 

s  s 

177 

0  * 

53 

s  .Sis 

100  s 

IX 

s  s 

0 

179 

0  s 

9 

s  .09s 

88  s 

90 

t  s 

181 

mm 

32 

s  .09s 

88  s 

92 

sEjES  severe 

IX 

183 

54 

s  .17* 

100  s 

IX 

s  s 

186 

3  s 

65 

s  3.88s 

100  * 

IX 

tEL  death  s 

IX 

187 

0  s 

46 

s  1.02s 

100  s 

IX 

s  s 

199 

0  s 

60 

s  .34s 

100  s 

100 

s  t 

0 

201 

0  s 

0 

1 .  »17s 

100  s 

IX 

s  t 

203 

0  s 

14 

s  .17* 

100  s 

IX 

sEg  light  s 

IX 

206 

0  t 

40 

t  .34s 

100  s 

IX 

s  s 

207 

0  s 

87 

s  .34s 

100  s 

IX 

sXU5«  deaths 

IX 

209 

0  s 

83 

s  .84s 

100  * 

IX 

s  s 

221 

0  t 

16 

*  .26s 

100  s 

IX 

s  s 

0 

£28 

0  t 

0 

s  .26* 

100  s 

IX 

*  s 

226 

0  s 

10 

s  .26s 

100  s 

IX 

s  s 

0 

227 

0  s 

33 

s  .30t 

100  t 

IX 

s  s 

229 

1  s 

86 

s  .30* 

100  t 

IX 

sELSg  deaths 

IX 

231 

0  s 

65 

s  .26* 

100  s 

IX 

i  * 

Total  and 

s  s 

s 

s  s 

average 

28  s 

64 

s  .96* 

98.4s 

99.0 

62.6 

NOTE i  See  page  10  for  meaning  of  symbol*  used  In  oolumn  7. 
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Figures  in  table  17,  show  100$  casualties  on  99*  0$ 
of  the  area,  based  on  the  combined  effeots  of  HS  -vapor  and  liquid 
and  62*5$  based  on  effeots  on  animals,  or  80*7$  based  on  the  two 
methods  of  figuring  casualties. 

Per  omit  estimated  casualties  in  tables  16,  16  and  17, 
based  on  the  combined  effeots  of  HS  liquid  and  vapor,  are  considerably 
higher  than  corresponding  figures,  based  on  effeots  on  animals. 

There  would  have  been  a  still  greater  spread  between  these  two  sets 
of  figures  if  a  smaller  number  of  shell  had  been  used,  because  on 
many  of  the  20-yard  squares  the  HS  vapor  concentration  was  much  in 
sxosss  of  estimated  requirements  to  produoe  100$  casualties. 

Estimates  based  on  effeots  on  animals  were  very 
conservatively  made  and  are  probably  low.  It  is  also  probable  that 
estimates  based  on  effeots  of  HS  vapor  alone,  are  high  for  average 
temperature  conditions,  so  that  an  average  based  on  effeots  on 
animals  and  from  measurements  of  the  HS  liquid  end  vapor  present, 
is  probably  more  nearly  oorreet  than  either  method  alone. 

g*  Humber  of  Shell  Required  to  Produoe  50$  Man  Casualties. 

It  was  estimated  in  paragraph  8  c  (2)  that  about  9 
shell  distributed  per  100  yd,  square  will  produoe  60$  casualties  from 
liquid  HB,  when  men  is  protected  with  gas  mask  only. 

From  figures  given  in  table  no,  16,  it  was  estimated  that 
the  impact  of  28  shell,  en  an  area  of  22,000  sq,  yd,  would  produoe 
98,6$  casualties,  based  on  a  measure  of  the  H6  liquid  end  vapor  present, 
end  62,1$  based  on  effeots  on  animals,  when  exposed  during  the  firing 
period  and  following  10  minutes.  On  this  basis,  the  following  number 
of  shell  per  100-yard  square  will  he  required  to  produoe  50$  casualties 
when  man  ie  protected  with  gas  mask  only* 

Based  on  HS  liquid  and  Tapor  samples  -  6,5  shsll 

Based  on  offsets  on  animals  -  10,2  shsll 

Average  -  8,3  ekell 

Based  on  the  two  methods  of  figuring  casualties,  about 
8,5  shell  distributed,  are  required  per  lOOwy&rd  square  to  produoe 
50$  oasualties,  when  man  is  proteoted  with  gas  mask  only, 

9,  Conclusions,  From  the  results  of  the  present  test,  the  follow* 
ing  conclusions'  are  drawn  with  respect  to  the  use  of  165-sm.  shell 
filled  with  HS,  when  fired  under  the  meteorological  conditions  existing 
at  the  time  of  the  test. 


Appendix  D 


-  28  - 


a.  The  number  of  shell  required  per  100- yard  square  to 
produee  BOjS  casualties  when  distributed  as  equally  as  practicable,  are 
as  follows * 


(1)  When  man,  protected  with  gas  mash  and  standard 
impregnated  clothing,  is  exposed  during  the  firing  period  -  64  shell 
(flee  page  17). 

(2)  When  nan,  protected  with  gas  mask  only,  is  exposed 
during  the  firing  period  and  following  ten  minutes  •  9  shell, 

(See  sub-paragraph  g,  page  28). 

b.  Personnel  who  ooeupy  the  downwind  area  within  80  yd, 
of  the  impaot  area  during  the  firing  period  and  the  following  hour 
will  suffer  casualties  if  protected  with  gas  mask  only,  (see  page  20 )• 

o.  If  the  impact  area  is  oooupied  by  personnel  with  gas  mask 
protection  only,  for  a  period  of  26  hr,  or  possibly  less,  within  7 
da.  aftar  the  date  it  was  shelled,  they  will  suffer  casualties, 

(See  page  20). 

10.  Recommendations . 

Ho  recommendations  are  made  in  -view  of  the  fact  that  the 
next  test.  Test  "D",  was  conducted  before  the  study  of  the  present 
test  was  collated. 
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/a/  3.  0.  liaelntlre _ 

B.  0.  MACINTIRE, 

Wsapose  Department, 
Munitions  Dew.  Division. 


Recommending  Approval* 

/a/  Charles  E.  Loucks 

msssrsrmim: - 

Captain,  C.W.8., 

Chief,  Munitions  Dev,  Division, 

Approved* 


/s/  Montgomery 

E.  MONTGOMERY, 
Major,  C.W.S., 
Technical  Director, 
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BATTSST"^  SIXTH  FI2LD  ABTILLdBJf 
Port  HoylefKaryland. 


HBflOBAEIllJll:  To  Qorar.andlng  Officer, 

Sdgewood  Arsenal, Mary  land. 


1.  Upon  the  request  of  Captain  Loucks,  the  undersigned 
submits  a  oopy  of  the  record  kept  by  Captain  Kcll&hon,  for  the  firing 
done  by  hin  of  the  155  Ml  Howitser  shoot  of  August  4,1932. 
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REPORT 


OP 

TEST  OF  HS  FILLED  155-aa,  HOWITZER  SHELL 
TEST  "D"  -  AJTQUST  29.  1988 


1,  Object.  The  object  of  this  test  tree  to  determine  the  mnriber 
of  166  an*  howitzer  shell  filled  with  HS,  which  is  required  in  open 
country  under  the  meteorological  conditions  which  existed  at  the  tine 
of  the  test,  to  produoe  casualties,  requiring  evacuation  for 
hospitalisation* 

2.  Authority.  This  test  was  oondueted  under  authority  contained 
in  the  Frojeot  Program  for  Edgewood  Arsenal,  for  the  year  1966,  under 
Projeot  A  1,1-lb  *•  "156-mm,  Shell,  EH  (how*),  HS  Filled*" 

8*  Previous  Tests.  A  test  was  conducted  on  February  16th  and 
17th*  1952*  in  which  56  shell  fron  eaoh  of  four  lots  of  shell,  represent¬ 
ing  the  shell  used  In  the  present  test,  were  fired  from  service  weapons 
to  determine  if  the  shell  functioned  normally*  but  no  attempt  was  made  to 
determine  the  gas  oonoent rat ions  set  up* 

A  seoond  test  was  oonduoted  on  Hay  25,  1982,  in  which 
40  shell  were  fired  for  impact  on  a  target  100  yards  wide  by  200  yards 
deep*  From  a  preliminary  study  of  the  results  it  was  estimated  that 
it  would  require  about  26  shell  per  100  yard  square  to  produoe  50# 
casualties,  when  man  is  protected  with  gas  mask  only* 

A  third  test  was  oonduoted  on  June  11*  1952*  in  which 
40  shell  were  fired  for  Impact  burst  on  the  same  target  used  in  the 
previous  test.  It  was  estimated,  from  a  preliminary  study  of  the 
results  of  the  test,  that  about  14  shell  per  100  yard  square  are  re¬ 
quired  to  produoe  50$  casualties,  when  man  is  protected  with  gas  mask 
only* 

A  fourth  test  was  oonduoted  on  August  4,  1952,  in  which 
40  shell  were  fired  for  effeot.  The  fourth  test  was  fired  about  one 
hour  before  sundown  whereas,  the  two  previous  tests  were  fired  at 
9  a,m,  It  was  estimated  from  the  results  of  the  fourth  test,  that 
about  S  shell  per  100  yard  square  are  required  to  produoe  50$  casualties* 
when  man  is  protected  with  gas  mask  only, 

4,  Materials  Used  in  Present  Test, 

a*  Shell .  The  shell  used  was  the  Mil,  155  ran,  howltser, 

m  1  m 
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filled  with  HS,  fro®  War  Reserve.  The  history  of  the  shell  is  given 
in  report  of  tests  A,  B,  end  C,  referred  to  in  paragraph  5, 

b.  The  booster  used  was  the  M  VI-B. 

o«  The  fuse  used  was  the  Mill  long,  P.D. 

d«  lumber  of  Shell  Used,  Forty-seven,  18  for  adjustment 
and  28  for  effect. 

e.  Howitsers.  A  battery  of  four  165-asa*  howltsers  was 
used  under  ecmmand  of'  Captain  W.  J.  Egan  of  the  Sixth  Field  Artillery. 

The  howltsers  were  set  up  on  "C"  field  in  the  vicinity  of  coordinates 
690.4,  1869,1  as  shown  on  the  special  military  nap  of  Gun  Powder  leek, 
prepared  under  the  direction  of  the  Chief  of  Engineers,  U.S.  Army,  1925. 

5.  Target  Area.  The  target  area  was  a  rectangular  field  of 
open  country  100  yd,  wide  by  200  yd,  deep,  located  on  *H*  field  in  the 
vicinity  of  coordinates  890.5,  1864,0  with  the  long  axis  oriented 

to  line  of  fire.  The  area  was  covered  with  grass  and  weeds  having 
an  average  height  of  1  to  2  feet.  It  was  divided  into  10-yard 
squares  by  plaoing  numbered  stakes  at  10- yd,  intervals.  Paper  panels, 
sampling  machines  and  animals  were  placed  on  the  area  to  determine 
the  effectiveness  of  the  gas  concentration  set  up.  Chart  1, 
accompanying  this  report,  shows  the  target  area  as  it  was  prepared 
for  the  test  with  positions  of  animals,  panels  and  sampling  machines. 

6,  Experimental. 

a.  Method  of  Conducting  Test.  After  adjustment,  the 
howitsers  were  ranged  on  the  target  and  fired  as  rapidly  as  possible 
with  change  in  elevation  for  distribution  of  impaets  over  the  target 
area.  On  completing  the  firing  of  the  shell,  the  paper  panels  were 
colleoted  for  tabulation  of  results  and  the  animals  on  the  target  area 
and  at  positions  downwind  from  the  target  area,  wars  removed  at  definite 
periods  and  replaced  by  other  animals.  Also  during  the  firing  period 
and  the  animal  exposure  periods,  vapor  samples  were  taken  with  the  use 
of  field  sampling  machines.  The  meteorological  data  ware  recorded 
during  the  period  of  test. 

b.  Firing  of  Shell. 

(1)  Adjustment  of  Howitsers.  The  hesri  tiers  were 
adjusted  in  parallel  on  a  target  about  Icb yd,  east  of  the  target  area 
using  19  shell  filled  with  HS,  Firing  for  adjustment  began  at  5,59  p.m. 
and  ended  at  4,59  p.m.  The  Impacts  ware  reeorded  as  follows * 

16  high  order  bursts 
1  ricochet 
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(2)  Firing  for  Effeot.  When  firing  for  effect,  the 

howl  tier  8  were  ranged  in  parallel,  using  tiro  elevations  for  distribution 
of  impacts.  The  range  was  about  6100  yd.  Firing  started  at  6*25  p.m. 

and  ended  at  5.56  p.m.,  a  period  of  13  min.  From  observation  at  the 

<).P.,  the  impaots  were  reoorded  as  follows* 

17  high  order  bursts 
3  low  order  bursts 
7  duds 
1  riooohet 

A  photostatic  oopy  of  a  memorandum  dated  September  1,  1932,  to  the 
Technical  Direotor  from  the  Battery  Commander,  giving  the  firing  data 
by  round,  is  attaohed  to  this  report. 

(3)  Impaots.  The  positions  of  the  impaots,  including 
duds  and  bursts,  are  shown  on  Chart  16„  Of  the  28  shell  fired  for 
effeot,  22  registered  on  the  target  area  of  whioh  15  were  bursts  and 
7  were  duds.  In  addition,  there  were  two  bursts  within  30  yd.  of 
the  target  area. 

o.  Meteorological  Conditions.  The  following  meteorological 
conditions  prevailed  during  the  '"firing "  period  and  the  periods  following 
during  which  vapor  samples  were  taken  and  animals  were  exposed  on  the 
target  area* 


Date 

- 

8-29-32 

8-29-32 

8-29  to  8-30-32 

8-30-52 

6.23  to 

6.46  to 

6.36  p.m,  to 

11.00  a.m» 

Time 

- 

6,46  p.m. 

6.36  p.m. 

9.00  a.m. 

to  5.00  p.m. 

Air  temperature  °F. 

- 

84  to  82 

83  to  80 

80  to  68 

79  to  84 

Ground  temperature  °F» 

m 

92  to  89 

89  to  81 

81  to  71 

93  to  100 

Ground  oondition 

- 

very  dry 

very  dry 

wot  -  rain 

wet 

Relative  humidity  % 

m 

60 

60  to  78 

78  to  92 

68 

Wind  velocity  m.p.h« 

- 

2.9 

3.0 

1.7 

6.1 

Wind  dlreotion 

- 

SW 

SW 

3* 

SW 

Sky 

- 

partly  oloudy  partly 

oloudy  -  rain 

partly 

cloudy  oloudy 


7.  Results. 

a.  Liquid  HS. 

(1)  Size  of  Liquid  HS  Drops.  The  distribution  of  the 
liquid  HS  was  registered  by  means  of  paper  panels  8  inohes  square,  placed 
flat  on  the  ground  at  eaoh  stake  position  over  the  entire  target  area.  The 
panels  having  HS  drops  of  a  sine  in  exoees  of  0.1  mg.  are  tabulated  in 
the  following  table* 
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Table  No,  1 


(a )  Men  Protected  with  Gaa  Mask  but  Without 


nate 


EU3S3 


The  paper  panels  were  tabulated  for  density  of  pattern 
using  the  gradings  heavy,  medium,  light  and  trace,  JL  photostat 
of  the  eoale  used  in  grading  the  panels  is  att&ohed  to  this  report. 
The  panel  gradings  are  tabulated  in  the  following  table,  together 
with  estimated  man  oasualtles. 

Table  No,  2 

Estimated  Man  Casualties  on  Target  Are a  from  Liquid  ES 


t  Panels  classified  %  Estimated  man  casualties 


pattern  *  Number  t  Peroent  of  t  when  man  is  protected  with 
t  A  total  on  i  gas  mask  only 

i  » target  area  t 


From  the  results  in  table  2,  it  is  estimated  that  personnel  exposed 
on  the  target  area  during  the  firing  period  protected  with  gas  mask 
only,  would  suffer  about  22,4$  casualties.  The  position  of  shell 
oraters  and  estimated  man  oasualtles  from  liquid  ES  is  shown  graphi¬ 
cally  on  Chart  2, 
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MOTE.  The  basis  for  the  man  casualty  estimates  given  in  table  2,  is 
explained  in  report  of  Test  "A",  conducted  May  28,  1982,  referred  to 
in  paragraph  8  of  the  present  report* 

(b) 


The  paper  panels  mere  tabulated  for  number  and  slse  of 
HS  drop®  on  panels  in  which  the  drop  sice  mas  in  excess  of  0,5  mg« 

The  results  of  the  tabulation,  together  with  estimated  man  casualties* 
are  given  in  the  following  table* 


Man  Protected  with  Qas  Mask  and 
Standard  Impregnated  'Clothing. 


Table  Ho*  8 


Estimated  Man  Casualties  on  Target  Area  from  Liquid 


Total  panels  on  area  -  229 


HOTB*  Man  casualties  in  table  3,  ware  estimated  from  data  furnished 
by  the  Protective  Development  Division*  The  basis  for  the  estimate' 
is  explained  in  report  of  Test  "A**,  conducted  May  28,  1932,  whioh  is 
referred  to  in  paragraph  8  of  the  present  report* 


h*  Bstiaated  Man  Casualties  from  HS  Vapor.  Vapor  sampling 
machines  were  placed  to  take  samples  at  positions  indieated  on  Chart  1, 


In  each  of  the  tables  whioh  follow,  representing  the  different  sampling 
periods,  the  sampling  positions  ara  designated  by  letters*  The  HS 


vapor  concentration,  o*t*  value,  and  per  eent  estimated  man  casualties 


from  HS  vapor,  are  lnoluded  in  each  of  the  tables* 


The  o*t«  value  ie  equal  to  the  vapor  oonoentration 
in  milligrams  per  liter,  times  the  exposure  period  in  minutes*  Estimat¬ 
ed  man  casualties  are  based  on  the  o*t*  value  using  the  evaluation 
eurve  represented  by  Qraph  1*  The  per  cent  estimated  man  oasualties 
given  in  the  following  tables,  represent  man  protected  with  ga6  mask 
but  without  the  protection  of  impregnated  clothing*  The  sampling-time 
periods  given  in  the  sub-paragraph  headings  are  only  approximate* 
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(a)  Firing  Period  and  Following  10  Minutes. 


Table  Ho,  4 


t 

s 

t 

literal 

mg. 

s 

*g./l. 

s 

16,23  to 

6,46 

P,B* 

s 

23 

824 

s 

5,1 

.0038 

s 

«09s 

s6«2S  to 

6.48 

P«s*a 

t 

26 

s 

882 

s 

43,6 

s 

,0491 

s 

1.30s 

s5,23  to 

6,61 

p.m. 

s 

28 

s 

1004 

s 

4,1 

s 

.0041 

s 

•Us 

s6,23  to 

6.47 

p.m. 

I 

24 

s 

808 

s 

9,1 

s 

.0113 

s 

.27* 

s6,2S  to 

5.49  p.su 

s 

26 

1 

904 

s 

10.9 

s 

.0121 

s 

,31s 

*5,23  to 

5,62 

p*»i* 

29 

s 

1008 

s 

44.7 

s 

.0443 

1.29s 

Average 

Period.  10  to  60  Min,  After  Flrl 


Table  No,  6 


S 

positions 


ovations 
of  s 
•ample  s 


BBgSaSESEa 


sVol,  ofi 
s)fia.i  air  t 
s  s sampled) 

s  t  i 


sampled 


i  Vapor  so,t,  : Estimated  man 
toonoen-s values easualties  When 
(trations  sman  la  protect* 
i  i  sed  with  gas 


(o)  Firing  Period  and  Following  Hour. 
Table  No^  6 


Sampling 

position: 


sampled 


Vapor  *<i*to  t Estimated  man 
ooneen-t value* casualties  when 
tration*  2 man  Is  proteet- 

<  :ed  with  gas 


Elevation 

of 

sample 


Sampling  period 


Time 


Volo  of 
air 

sampled 


"T™ 

ft. 

*  ' " . . p^mT  "'’**’* 

t 

"*** 

llterst  ag» 

EZ3&2 

t 

smmmrema 

■■rjiHHri 

c 

t 

1 

<  6,2S  to  6.36 

t 

73 

2600 

t  5.9 

*  .0024 

• 

a 

«17i 

100 

T 

* 

1 

1  8«23  to  6§ 56 

« 

73 

2616 

12.3 

*  .0047 

* 

a  34f 

100 

S 

t 

1 

s  5*23  to  6*36 

t 

73 

2660 

4.6 

1  .0017 

t 

.13* 

100 

F 

* 

0 

s  5*23  to  6.36 

t 

73 

2678 

11.8 

*  .0048 

1 

•  34t 

100 

Z 

t 

1 

$  6|25  to  6|36 

t 

73 

2669 

91.6 

*  .0366 

t 

2.60* 

100 

0 

t 

0 

t  5.23  to  6.36 

t 

73 

2678 

4.1 

t  .0015 

t 

.lit 

100 

6 

t 

0 

<  5,23  to  6.36 

* 

73 

2424 

23.6 

l  .0097 

i 

e71* 

100 

L 

t 

1 

t  5* 2  5  to  6ft 36 

t 

73 

2466 

28.3 

i  .0116 

t 

.84* 

100 

P 

* 

0 

*  5*23  to  6,36 

t 

73 

2502  *124.1 

t  .0496 

1 

3.60* 

100 

(d)  Four  Hour  Period  on  Day  Following  Test* 
Table  No,  7 


Samplingtllaivatian 
position*  of 


Sampling  period  *Vol.  of 


Time 


iftn.  1 


air 


t 

t 

s 

sample 

*  t sampled* 

t  s  t 

t  *  t 

1 1 ration* 

t  t 

t  t 

taan  is  protect- 
ted  with  gas 
tmask  only 

stake 

t 

ft. 

*  a. a. 

Pe*W 

1  * 

liters* 

mg. 

*  mg./l.i 

t 

182 

4 

*11.00  to 

3.00 

1  240* 

4170  * 

0.0 

t  .0000  t 

.00* 

0 

182 

s 

2 

1 11.00  to 

3.00 

*  240* 

4170  * 

0,0 

t  .0000  1 

.00* 

0 

182 

t 

1 

*11.00  to 

3.00 

s  240* 

4170  * 

0.0 

l  .0000  s 

.00* 

0 

104 

I 

4 

*11.00  to 

3.00 

t  240* 

4300  * 

0.0 

*  .0000  * 

.00* 

0 

104 

t 

2 

*11.00  to 

3.00 

t  240* 

4300  t 

0.0 

*  .0000  t 

,00* 

0 

104 

t 

1 

*11.00  to 

3.00 

t  240* 

4300  t 

0.0 

t  .0000  t 

.00* 

0 

62 

* 

4 

*10.00  to 

3.00 

t  240* 

4360  t 

0.0 

t  .0000  t 

.00* 

0 

52 

t 

2 

*10.00  to 

3.00 

t  240* 

4360  t 

0.0 

*  .0000  * 

.00* 

0 

52 

t 

1 

t 10.00  to 

3.00 

*  240* 

4360  * 

0.0 

t  .0000  1 

.00* 

0 

ES 

sampled 


Vapor  to.t*  1 Estimated  man 
eonoen- t value s casualties  when 


Average 


(2)  Outside  of  Target  Area. 

(a)  Firing  Period  and  Following  Hour. 
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Table  No,  8 


Sampling 

position 

(Elevations  Sampling  Period  s 
s  of  s  Time  iMIn.  s 

s  sample  t  t  i 

*  »  t  i 

Vol.  of*  HS 
air  *  sampled) 
sampled* 

t 

Vapor  t 
ooncen-i 
tratlon* 

t 

e«t*  * Estimated  man 
value* casualties  when 
naan  is  protected 
iwith  gas  aaBk  only 

i 

p*m* 

mg. 

mg./i,* 

t 

n 

J 

1 

<6,25 

to 

6*56 

*  73 

1287 

t 

1.6 

.0012* 

.09  * 

87 

J 

2 

t6*25 

to 

6*36 

*  73 

1287 

3.5 

.0027* 

.20  : 

100 

J 

4 

*6.23 

to 

6,36 

*  73 

1287 

* 

3.1 

.0024* 

.18  * 

100 

E 

1 

*6.23 

to 

6.36 

*  73 

1308 

t 

0.0 

.0000* 

.00  * 

0 

E 

2 

*6.23 

to 

6,36 

*  73 

1308 

t 

0.0 

.0000* 

.00  * 

0 

E 

4 

<5,23 

to 

6.  36 

*  73 

1308 

t 

0.0 

.0000* 

.00  s 

0 

N 

1 

*5,23 

to 

6.36 

*  73 

1308 

* 

0.0 

.0000* 

.00  t 

0 

H 

2 

(5*23 

to 

6*36 

i  73 

1308 

( 

0*0 

.0000* 

.00  t 

0 

V 

4 

*6*23 

to 

6.36 

*  73 

1308 

t 

0*0 

.0000* 

.00  * 

0 

5 

1 

*5*23 

to 

6,36 

*  73 

1287 

t 

0.0 

.0000  t 

.00  s 

0 

R 

2 

<5*25 

to 

6.36 

*  73 

1287 

t 

0,0 

.0000* 

.00  t 

0 

R 

4 

>6*23 

to 

6.36 

*  73 

1287 

t 

0.0 

.0000* 

.00  t 

0 

D 

1 

« 6. 23 

to 

6.36 

i  73 

1250 

t 

0.0 

.0000* 

.00  * 

0 

T 

2 

*6*23 

to 

6,36 

*  73 

1250 

t 

0.4 

.0003* 

.02  t 

30 

D 

4 

s  8$  2  3 

to 

6,86 

*  73 

1250 

* 

0.4 

.0003* 

.02  t 

so 

H 

1 

*5*23 

to 

6,36 

*  73 

1230 

t 

0.0 

.0000* 

.00  » 

0 

H 

2 

to 

6.36 

i  73 

1230 

t 

0,4 

.0003* 

.02  * 

30 

H 

4 

<6*23 

to 

6*36 

*  73 

1230 

t 

0.4 

.0003* 

.02  t 

30 

M 

1 

*6*23 

to 

6.36 

i  73 

1270 

t 

0.4 

.0003* 

.02  t 

30 

M 

t 

*5,23 

to 

6.36 

»  73 

1270 

: 

0.6 

.0006* 

,04  * 

50 

M 

4 

*6,23 

to 

6.36 

i  73 

1270 

t 

0.6 

.0005* 

.04  * 

60 

Q 

1 

*6,28 

to 

6,36 

t  73 

1270 

t 

0.0 

.0000* 

.00  l 

0 

3 

2 

*5*23 

to 

6.36 

i  73 

1270 

t 

0,0 

.0000* 

.00  i 

0 

Q 

4 

1 5.23 

to 

6.36 

i  73 

1270 

t 

0.0 

.0000* 

.00  * 

0 

u 

1 

*5*23 

to 

8.36 

i  73 

1308 

t 

0*0 

.0000* 

.00  * 

0 

u 

2 

*5*23 

to 

6.36 

i  73 

1308 

t 

0.0 

.0000* 

.00  I 

0 

u 

4 

*5.23 

to 

6.36 

*  73 

1308 

* 

0*0 

.0000* 

.00  * 

0 

o*  Estimated  Man  Casualties  Based  on  Effects  on  Animals. 


Animals  were  pleoed  on  end  downwind  from  the  target 
area  to  determine  effeot  of  the  vapor  concentration  set  up  and  how 
long  the  HS  persisted  on  the  impaot  area.  The  position  of  the  animals 
during  the  various  exposure  periods  is  shown  on  Charts  6  to  10  inclusive. 
The  animal  casualties  and  the  estimated  man  casualties,  when  man  is 
protected  with  gas  ma6k  only,  are  given  in  the  tables  which  follow. 

The  man  casualties  are  estimates  made  by  the  Medioal  Research  Division 
who  observed  and  studied  the  effects  of  the  ES  on  all  animals  exposed* 
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Van  casualties  estimated  from  affaots  on  animals  are  shown  on  Charts 
11  to  15  inclusive.  On  tha  charts  as  wall  as  In  the  tables  which  follow, 
the  following  symbols  are  used  to  designate  the  nature  of  the  animal 
casualty* 

L  •*  Gross  pathology  of  lung 
R  -  Respiratory  symptoms 
S'  -  First  degree  skin  burn 
Sg  a*  Seoond  degree  skin  burns 
S*  -  Third  degree  skin  burns 
E  «•  Simple  conjunctivitis 
Eg  -  Purulent  conjunctivitis 
Eg  -  Ruptured  ooraea 
F  -  Injury  by  shell  fragment 
I  -  Stomatitis 

(l)  On  the  Target  Area. 

(a)  Firing  Period  and  the  Following  Ten  Minutes. 

During  the  firing  period  and  following  ten  minutes, 

13  rats  and  16  goats  were  exposed  on  the  target  area.  Results  ars 
tabulated  in  the  following  tables. 

The  positions  of  the  animals  are  shown  on  Chart  6  and 
estimated  man  casualties  on  Chart  11. 

Table  Ho.  9a 


Estimated  Man  Casualties  Based  on  Effects  on  Rats 


Stake  iHature  of*  Severity  of  * Position  of sBstim&tdd  man  casualties 
positiontoasualty  t  casualty  *  burn  *when  man  :Ls  protected  with 


* 

1 

t 

t 

gas  mask  only 

Is F 

t 

S 

* 

light 

* 

feet 

* 

159 

* 

ELS 

l 

death 

* 

feet 

* 

100# 

179 

* 

E 

* 

light 

* 

t 

0 

22  7 

* 

ELS 

* 

death 

* 

feet 

* 

100# 

Average  casualties  based  on  13  rat  positions  16.7# 
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Stake 

position 


Table  Ho,  9b 

Estimated  Man  Casualties  Baaed  on  Effects  on  Goats 


(Nature  ofxSeverity  ofiPosition  ofxEstimated  nan  casualties 
(casualty  t  oasualty  t  burn  twhen  man  i»  protected  with 

as  mask  onl 


E 

ER 

ERS 

ER 

S2R 

E 

ERS 

EgRS 

S 


moderate 
*  severe 
t severe 
moderate 
* severe 
(light 
(death 
t  severe 
(light 


i  body 

I 

(  body 

( 

»  ears 
(  body 
(  body 


Average  casualties  based  on  16  goat  positions 


(b)  Firing  Period  and  Following  Hour, 


Daring  the  firing  period  and  following  houra  15  rats 
and  17  goats  were  exposed  on  the  target  area.  Results  are  tabulated 
in  the  following  tables.  The  positionsof  the  animals  are  shown  on 
Chart  7j  and  estimated  man  casualties  on  Chart  12, 

Table  No,  10a 

Estimated  Man  Casualties  Based  on  Effects  on  Rats 


Stake  (Nature  of(Severity  of(Fosition  of (Estimated  man  oasualtles 
position* casualty  (  oasualty  (  burn  (when  man  is  protected  with 


l  ELS 
t  ELS 
(  ELS 
(  ELS 
(  EL 
(  E 
t  ELS 


(death 

(death 

(death 

(death 

(death 

slight 

(death 


t  feet 
t  feet 
i  feet 
»  feet 


(  feet 


as  mask  onl 


>r,:,7 


Average  casualties  based  on  16  rat  positions 


100# 

loo# 

100# 

100# 

0 

loo# 


i m 
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Table  No,  10b 


Estimated  Man  Casualties  Based  on  Effects  on  Coats 


Stake 

{Nature  oft Severity  of {Position  ofiEstlaated  man  casualties 

position* oasualty 
i 

t  casualty 
x 

t 

X 

burn 

twhen  man  is  protected  with 
*  gas  mask  only 

5 

x  ER 

moderate 

t 

t 

0 

9 

t  ER 

moderate 

X 

X 

0 

45 

t  ER 

moderate 

X 

t 

0 

49 

*  V 

X  severe 

X 

body 

X 

IOC# 

63 

t  B.RS 

x severe 

X 

body 

t 

loo% 

89 

t  E 

{moderate 

t 

t 

0 

93 

t  E2LS 

{death 

X 

body 

t 

100% 

97 

*  EjR 

t  severe 

t 

t 

0 

133 

t  ERS 

{moderate 

t 

body 

t 

100% 

137 

t  ES 

t light 

t 

t 

100$ 

141 

1  RRfi 

moderate 

t 

body 

X 

100% 

181 

t  EjRS 

( severe 

t 

body 

t 

100$  ’ 

186 

t  E2 

t  severe 

{ 

1 

0 

225 

t  ELS 

x death 

X 

body 

X 

Average  casualties  based  on  17  goat  positions  a*  47*1$ 


(o)  Period  from  Second  to  14th  Hr*  After  Firing* 

During  the  2nd  to  14th  hr,  after  firing,  15  rats 
and  9  goats  were  exposed  on  the  target  area*  Results  are  tabulated 
in  the  following  tables.  The  positions  of  the  animals  are  shown  on 
Chart  8  and  estimated  man  casualties  on  Chart  13# 

Table  Ho,  11a 

Estimated  Man  Casualties  Based  on  Effects  on  Rats 


Stake  tlTature  of: Severity  of {Position  ofxEstimated  man  casualties 
positions  casualty  t  easualty  t  burn  twhen  man  is  protected  with 

s  t  t  tgas  mask  only 

27 

X 

S 

t  feet 

X 

71 

i 

ELS 

(death 

i  feet 

t 

100% 

76 

i 

ELS 

x death 

t  feet 

t 

100% 

111 

t 

ELS 

tdeath 

t  feet 

t 

100% 

115 

x 

els2 

(death 

t  feet 

t 

100$ 

119 

X 

els2 

tdeath 

t  feet 

t 

100$ 

156 

t 

ELS 

tdeath 

*  feet 

t 

100$ 

159 

t 

ERS. 

{severe 

x  feet 

t 

100$ 

163 

1 

BLSj 

xdeath 

t  feet 

t 

100$ 

203 

1 

ESg 

i death 

t  feet 

t 

100$ 

207 

1 

ELS 

l severe 

x  feet 

X 

Average  casualties  based  on  16  rat  positions  73.3$ 
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Table  Ho,  lib 


Estimated  Man  Casualties  Based  on  Effeots  on  Goats 


Stake  tlature  oftSeverity  ofiPbsition  oftEstimated  man  casualties 
position! casualty  t  casualty  t  burn  swhen  man  ie  protected  with 

i  *  i  <  gas  mask  only 

89 

i  Eg 

i severs 

( 

( 

0 

93 

t  E2 

t severe 

( 

( 

0 

97 

i  Eg 

< severe 

t 

i 

0 

133 

t  ELS 

(death 

( 

body 

( 

100# 

137 

i  E 

moderate 

( 

s 

0 

141 

!  Eg 

i severe 

i 

i 

0 

181 

!  Eg 

(severe 

t 

t 

0 

186 

■  < 

(severe 

i 

( 

0 

Average  casualties  based  on  9  goat  positions 


(d)  Day  Following  Firing  (13th  to  17th  Hour)* 

On  the  day  following  firing,  from  the  13th  to  the  17th  hr, 
inclusive,  8  rats  and  4  goats  were  exposed  on  the  target  area.  Results 
are  given  in  the  following  table.  The  positiozeof  the  animals  are 
shown  on  Chart  9,  and  estimated  man  casualties  on  Chart  14. 


Table  Mo,  12a 


Estimated  Man  Casualties  Based  on  Effeots  on  Rats 


Stake 

(Nature  of (Severity  oft Position  oftEstimated  nan  casualties 

position* casualty  t  casualty 

t  burn 

twhen  man  is  protected  with 

t  i 

t 

t  gas  mask  only 

116 

t  E  slight 

tno  skin 

:  0 

139 

t  bums 

l  0 

Average  easualties  based  on  8  rat  positions  0 

The  4  goats  exposed  were  not  casualties. 


(a)  Exposed  in  Shell  Crater.  Seven  rate  and  1  goat 
were  exposed  in  shell  craters  for  a  period  of  24  hr.  on  the  7th  and 
9th  da,  of  the  firing.  None  of  the  animals  were  casualties. 

(2)  Downwind  from  Target  Area. 

(l)  Firing  Period  and  Following  Hour.  During  the  firing 
period  and  following  hour,  8  rats  and  4  goats  were  exposed  at  positions 
downwind  from  the  target  area.  Results  are  given  in  the  following  table. 

The  positions  of  the  animals  are  shown  on  Chart  10  and  estimated  man 
casualties  on  Chart  15. 
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Table  Ho,  IS 


Estimated  Man  Casualties  Baaad  on  Effects  on  Goats 


Stales 

sHature  of i Severity  of s Position  of s Estimated  mam  casualties 

positions casualty  i  casualty 

t 

bum 

twhen  man  is  protected 

i  s 

s 

s  with  gas  mask  only 

254 

s  E  slight 

"T” 

no  skin 

s  o# 

s  s 

t 

burn 

* 

Hone  of  the  8  rata  exposed  were  casualties. 


8*  Discussion. 

a*  Shell  Distribution*  The  shell  were  fired  for  equal  dis¬ 
tribution  of  impacts  over  the  target  area.  Of  the  20  bursts  resulting 
from  the  fire  of  28  shell,  fifteen  registered  on  the  target  area  and 
two  within  a  distanoe  of  30  yd*  from  the  target  area*  The  three 
remaining  bursts  were  not  located*  The  two  shell  which  burst  within 
30  yd*  from  the  target  were  partly  effective  on  the  target  area. 

b*  Impact  Area*  The  number  of  animal  positions  included 
within  the  impact  area,  as  distinguished  from  the  target  area,  was 
44,  and  since  eaoh  animal  was  looated  on  -the  oenter  of  a  20  yard 
square,  for  purposes  of  discussion,  the  else  of  the  Impact  area  may 
be  regarded  as  17,600  •£»  yd*  The  animal  positions  on  the  impaot 
area  and  the  number  of  impaot s  on  eaoh  20  yard  square,  are  given  in 
table  15, 


o.  Estimated  Man  Casualties  from  Liquid  HS* 

(1)  Effects  of  Meteorologloal  Conditions*  The  only 
meteorologioal  factor  having  any  effeot  on  the  size  of  the  area 
covered  with  liquid  HS,  by  the  burst  of  a  single  shell,  is  wind  velocity. 
The  wind  velocity  during  the  firing  period  in  the  present  test,  was  2,9 
m*p*h*  which  was  too  low  to  carry  the  large  HS  drops  very  far*  Previous 
field  tests  have  demonstrated,  however,  that  under  the  prevailing  wind 
conditions,  a  fine  HS  ftist  whioh  will  produoe  a  liquid  HS  pattern 
corresponding  to  trace,  may  be  carried  50  yd*  or  more  from  the 
position  of  shell  burst* 

(2 )  Pro tooted  with  Gas  Mask  but  without  Protection  of 
Impregnated  Clothing*  Results  from  paper  panels  given  in  table  2,  show 
that  personnel  exposed  with  equal  distribution  on  the  target  area  during 
the  firing  period,  would  suffer  22*4#  casualties  from  liquid  HS  when 
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proteoted  with  gas  mask  only.  The  liquid  HS  on  the  area*  which  was  the 
basis  of  the  22,4#  estimated  casualties,  was  partly  due  to  the  lmpaet 
of  one  shell  outside  of  the  area,  which  was  only  slightly  effective, 
and  to  the  impact  of  lb  shell  on  the  target  area*  Effects  from  the 
one  shell  outside  of  the  target  area,  were  more  than  counterbalanced 
by  effeots  outside  of  the  target  area  by  shell  which  burst  on  the  area, 
so  that  no  serious  error  will  be  inferred  in  oaloulations  if  the  effects 
of  the  one  upwind  shell  is  disregarded. 

If  15  shell  will  produoe  22,4#  casualties  by  effeots 
of  liquid  HS  on  an  area  of  23,100  aq.  yd,,  about  14,5  shell  distributed 
per  100  yard  square  are  required  to  produoe  50#  casualties,  when  man 
is  proteoted  with  gas  mask  only, 

(5)  Protection  with  £aa  Mask  and  Standard  Impregnated 
Clothing,  From  results  in  table  3,  it  is  estimated  that  personnel 
proteoted  with  gas  mask  and  standard  impregnated  clothing,  exposed 
with  equal  distribution  on  the  target  area  during  the  firing  period 
would  suffer  about  1,8#  casualties  from  liquid  HS, 

If  15  shell  will  produoe  1,8#  casualties  from  the 
effects  of  liquid  HS  on  an  area  of  23,100  sq,  yd,,  about  180,5  shell 
distributed  per  100  yard  square  ere  required  to  produoe  50#  oasualtiee 
when  man  is  protsotsd  with  gas  mask  and  standard  impregnated  olothing. 

It  is  probable  that  the  effectiveness  of  the  liquid  HS 
was  very  much  reduced  by  the  exoessive  dust  cloud  produoed  by  shell 
burst.  At  the  time  of  the  test,  the  ground  was  extremely  dry  to  a 
distance  of  a  foot  or  more  below  the  surface,  end  the  dust  oloud  produoed 
probably  absorbed  a  large  pereentage  of  tha  HS  liquid  drops  bsfore  they 
reaohed  the  ground, 

d.  Effects  of  HS  Vapor. 

(1)  Vapor  Concentration  Required  to  Produoe  Man 
Casualties.  A  dlsoussion  of  the  exposure  period  required  to  produoe 
man  casualties  from  HS  vapor  is  given  in  Test  MAN,  "Report  of  Test  of 
HS  Filled  15&^am,  Howitser  Shell",  conducted  Hay  23,  1932,  Per  eent 
oaeualties  are  based  on  the  o,t,  value,  using  the  valuation  curve  on 
Graph  1, 
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(2)  Effect  of  Meteorological  Conditions  on 
Effectiveness  of  H3  Vapor*  A  theoretical  die cue si on  of  the  effect  of 
meteorological  oonditiona  on  effectiveness  of  HS  vapor  is  given  in 
report  of  Test  "A*,  *HS  filled  165-era*  Howitser  Shell",  eonduoted  on 
May  26,  1952, 


In  the  present  test,  the  air  temperature  was  84°  to  82°F# 
and  wind  velocity  2,9  m*p*h*  during  the  firing  period  and  following 
hour*  These  meteorological  oonditions  were  very  favorable  to  build 
19  a  high  vapor  concentration,  although  the  oonditions  were  not  as  good 
as  in  the  oase  of  test  "C",  conducted  on  August  4,  1952,  on  aeoount  of 
a  higher  wind  velooity, 

(5)  On  the  Target  Area, 

(a )  Firing  Period  and  Following  Ten  Minutes.  From 
the  results  of  vapor  samples  in  table  4,  representing  the  firing  period 
and  following  ten  minutes,  it  is  estimated  that  man  protected  with  gas 
mask  only,  would  suffer  about  99,5$  casual ties  from  the  effects  of  ES 
vapor*  This  estimate  is  based  on  the  average  results  of  vapor  samples 
taken  at  6  different  positions*  These  positions  were  not  representative 
of  the  entire  target  area,  however,  as  some  parts  of  the  area  were  not 
gassed* 


Vapor  concentration  figures  for  each  20-yard  square 
on  the  target  area  are  given  in  the  fifth  column  of  tsble  14*  The 
figures  in  this  oolumn  are  estimates,  based  on  the  results  obtained 
at  the  six  sampling  positions  on  the  area,  the  position  of  nearest 
impact s  and  the  wind  direction*  From  an  average  of  the  figures  in  this 
column,  it  is  estimated  that  personnel  exposed  in  the  target  area  during 
firing  and  the  following  ten  minutes  would  suffer  about  77*5$  casualties 
from  the  effeots  of  HS  vapor,  when  protected  with  gats  mask  only* 

The  per  oent  estimated  casualties  for  each  20- yard 
square,  as  given  in  table  14,  is  shown  graphically  on  Chart  3,  The 
shaded  area  on  the  chart  represents  that  part  of  the  area  on  which 
100$  casualties  would  be  produced  by  the  effeots  of  HS  vapor  when 
man  is  protected  with  gas  mask  only*  The  per  oent  casualties 
shown  on  Chart  3  are  based  on  the  effeots  of  15  shell*  If  15  shell 
distributed  over  an  area  of  26,400  square  yards  will  produoe  77*5$ 
casualties  by  effeots  of  HS  vapor,  it  will  require  theoretically 
about  4  shell  distributed  per  100  yard  square  to  produoe  50$  casualties* 

A  brief  study  of  data  representing  some  of  the  previous 
tests  of  HS  filled  155-mm«  shell,  show  that  the  average  spread  of  the 
liquid  HS  at  right  angles  to  the  wind,  from  a  single  shell,  is  about 
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20  yd*  On  this  basis,  5  shall  correotly  plaeed  will  oover  a  front  of 
100  yd*  Results  of  test  “C",  conducted  August  4,  1952,  show  that 
BS  vapor  will  drift  downwind  to  a  distance  of  100  yd*  or  more,  from 
the  position  of  burst  and  produce  casualties*  Considering  these  faots, 

4  shell  per  100-yard  square,  as  figured  in  the  preceding  paragraph,  is 
theoretically  ample  to  cover  the  area  sufficiently  to  produce  50£  nan 
casualties  under  the  favorable  neteorologioal  conditions  which  existed 
at  the  tine  of  the  present  test* 

(b)  Firing  Period  and  Following  Hour*  The  results 
of  vapor  sample s^  representing  the  firing  period  and  following  hour,  are 
given  in  table  6,  The  figures  in  this  table  were  used  in  estimating 
the  average  vapor  concentration  for  each  20-yard  square  on  the  target 
area,  as  given  in  the  fifth  column  of  table  16*  The  figures  in  this 
column  for  each  20-yard  square,  are  estimates  based  on  results  obtained 
at  the  nine  sampling  positions  on  the  area,  the  position  of  the  iapaots 
and  the  wind  direction.  Based  on  the  figures  in  this  column,  personnel 
exposed  on  the  target  area  during  the  firing  period  and  following  hour, 
would  suffer  about  83*4$  casualties. 

Casualties  from  the  effects  of  HS  vapor  are  shown 
graphically  on  Chart  4*  The  shaded  area  represents  that  part  of  the 
target  area,  on  which  it  is  estimated  100/5  casualties  would  result  from 
HS  vapor,  on  exposure  during  the  firing  period  and  following  hour, 
when  man  is  protected  with  gas  mask  only* 

If  15  shell  distributed  on  an  area  of  26,400  sq*  yd*  will 
produoe  83*4$  casualties  by  effeots  of  HS  vapor,  it  will  require  about 
3*4  shell  distributed,  per  100-yard  square  to  produoe  60$  casualties 
from  HS  vapor,  when  man  is  protected  with  gas  mask  only* 

The  number  of  shell  figured  per  100-yard  square  to 
produoe  50$  casualties  is  about  the  same  for  the  firing  period  plus 
the  following  10  min*  and  firing  period  plus  the  following  hour.  This  is 
due  to  the  fact  that  the  c.t*  vapor  value,  for  the  firing  period  plus 
10  min*  was  sufficiently  high  to  produoe  100$  estimated  casualties  over 
a  large  percentage  of  the  target  area,  consequently,  the  50  min* 
additional  exposure  period,  represented  by  firing  period  plus  one  hour, 
would  result  in  only  a  few  additional  casualties* 

(c)  Four  Hour  Period  on  Day  Following  Firing,  The 
results  of  vapor  samples,  en  the  day  following  firing,  are  given  in 
table  7*  The  sampling  period  was  4  hr*  and  the  results  were  negative* 

The  faot  that  negative  results  were  obtained  is  not  conclusive  evidence 
that  the  area  could  be  oooupied  by  personnel  without  casualties 
resulting  as  it  is  very  difficult  to  sample  low  concentrations  of  HS  vapor* 
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(2)  Outside  of  the  Target  Area. 


Estimated  man  casualties  at  Sampling  positions  outside 
of  the  target  area  are  given  in  table  8  for  the  firing  period  and 
following  hour*  Vapor  samples  were  obtained  upwind  from  the  target 
area  as  well  as  downwind*  The  upwind  samples  were  due  to  a  shell 
impact  west  of  the  target  area*  It  is  estimated  from  the  results  of 
ssmples  taken  at  positions  downwind  that  personnel  stationed  70  yd* 
downwind  from  the  impaot  position  would  suffer  casualties  if  exposed 
during  the  firing  period  and  following  hour  with  only  gas  mask  protec¬ 
tion* 


••  Estimated  Man  Casualties  Based  on  Effects  on  Animals* 


Animal  casualties  and  estimated  man  casualties  based 
on  effects  on  animals  are  included  in  tables  9a  to  13  inclusive* 

Animal  positions,  animal  casualties,  and  estimated  man  casualties,  based 
•n  effects  on  animals,  are  shown  on  Charts  6  to  16  inclusive* 

(1)  Estimated  Man  Casualties  on  the  Target  Area,  When 

Man  is  Protected  with  Gas  Mask  Only* 

(a)  Firing  Period  and  Following  Ten  Minutes, 

From  the  animal  oasualties  given  in  tables  9a  and  9b, 
it  is  estimated  that  man  protected  with  gas  mask,  exposed  on  the 
target  area  during  the  firing  period  and  following  10  min«,  would 
suffer  16,7%  casualties  based  on  rats  and  37*5%  based  on  goats  or  27*1% 
based  on  rats  and  goats, 

(b )  Firing  Period  and  Following  Hour* 

Estimated  m&n  oasualties  on  the  target  area  for  the 
firing  period  and  following  hour  are  given  in  tables  10a  and  10b* 

It  is  estimated  that  man  protected  with  gas  mask,  would  suffer  about 
40%  oasualties  based  on  effeots  on  rats  and  47*1%  based  on  goats  or 
about  43*6%  based  on  rats  and  goats. 

(e)  Period  from  2nd  to  14th  Hour  After  Firing* 

Estimated  man  oasualties  due  to  exposure  on  the  target 
area  during  the  12-hr*  period  from  the  beginning  of  the  2nd  hr*  after 
firing,  are  given  in  tables  11a  and  lib*  From  the  animal  oasualties 
it  is  estimated  that  man  oasualties  would  be  73*3%  based  on  rats  and 
11*1%  based  on  goats  or  about  60%  based  on  rats  and  goats. 
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(d )  Day  Following  Test  (13th  to  3.8th  Hour), 


Estimated  man  oasualties  due  to  exposure  on  the  target 
area  on  the  day  following  firing,  from  the  13th  to  the  18th  hour,  are 
given  in  table  12a,  The  results  were  negative  but  that  does  not  positive** 
ly  indicate  that  the  area  oould  be  oooupied  by  personnel  protected  with 
gas  mask  only,  as  the  skin  of  man  is  naich  more  susceptible  to  HS  vapor 
than  that  of  a  goat  or  rat. 

(e)  Exposure  in  Shell  Craters, 

None  of  the  animals  exposed  in  shell  oraters  for  a  period 
of  24  hr*  on  the  7th  and  9th  days  respectively  after  firing  were  casual* 
ties.  This  was  probably  due  to  the  very  dry  condition  of  the  ground  and 
high  temperature  condition  after  the  test  which  resulted  in  rapid 
evaporation  of  the  IS, 

(2)  Downwind  from  Target  Area. 

The  results  of  animals,  stationed  downwind  from  the  target 
during  the  firing  period  and  following  hour,  are  given  in  table  13, 

Of  the  12  animals  exposed,  only  one  was  a  slight  oasualty.  Chart  10 
showing  animal  positions,  shell  oraters  and  wind  direction,  indicates  that 
only  about  3  of  the  12  animals  exposed  were  aotually  downwind  from  the 
position  of  the  shell  oraters.  The  animal  which  was  a  oasualty  was 
located  about  100  yd,  downwind,  in  the  direction  of  wind  travel,  from  the 
nearest  shell  crater,  and  its  nature  of  oasualty  was  not  interpreted,  by 
the  Nedioal  Researoh  Division,  as  representing  a  man  oasualty.  Pram  the 
data  available,  it  is  impossible  to  state  definitely  whether  personnel 
stationed  100  yards  downwind  from  the  position  of  impaot,  would  be 
oasualt^ewor  not,  when  proteoted  with  gas  mask, 

f*  Comparison  of  Per  Cent  Estimated  Man  Casualties  Based  on 

Measurements  of  the  Gas  Concentration  and  by  Effects  on 

Animals,  When  Man  is  Proteoted  with  (fas'"  Mmuk  Only, 

(l)  Firing  Period  and  Following  Ten  Minutes, 

In  Table  14,  estimated  man  oasualties  are  given  for  each 
20«yard  square,  based  on  the  following  effeots  end  methods  of  figuring 
oasualties,  when  man  proteoted  with  gas  mask  only  is  exposed  on  the 
target  area  during  the  firing  period  and  following  ton  minutes. 
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(a)  HS  liquid  using  panel  data 

(b)  ES  vapor  from  vapor  samples 

(o)  Combined  effect  of  HS  liquid  and  IS  vapor 
(d)  Effeot  on  animals* 

Figure a  in  this  table  show  that  100$  casual tie a  would 
be  produoed  on  80*0$  of  the  target  area*  baaed  on  the  combined  effect 
of  HS  liquid  and  vapor  and  23*6$  based  on  effeot  on  animals  or  51*7$ 
based  on  an  average  of  the  two  methods  of  figuring  casualties. 
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Table  Mo*  14 


Estimated  Casualties  on  the  Target  Area  Representing  Exposure 
During  Firing  and  Following  10  Minutes 
(Area  26,400  sq.  yd. ) 


Stake  Ho,*Isg>aots*From  HS  liquid*From  HS  vapor*From  HS  liquidiFram  effeets  on 
at  oenternrlthin  » Estimated  man  *o.t.  *Est.man*  and  vapor  t  animals 
of  2(^yd. *20-yd.  *  casualties  i value* casual- i Estimated  man  tlnimal  *Est*  man 

square  ssquare  i  *  sties  s  casualties  soasualties  scasualties 

— * — 

t  t 

$  * 

- * - 

1  t 
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1 
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16 

t  .00* 
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IS 
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0 

3 
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20 
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20 
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0 

5 

2  t 

63 
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7 

0  t 

70 
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95  t 

98 

t  * 

0 

9 

0  t 

40 

t  .04* 

50  * 

70 

*  * 

11 

0  t 

15 

t  *04* 

60  t 

68 

«  t 

0 

23 

0  < 

0 

s  .00* 

0  t 

0 

t  * 

26 

0  t 

13 

s  .05* 

67  * 

64 

*  t 

0 

27 

0  t 

44 

t  .16* 

100  * 
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29 

1  s 

65 

t  .20* 
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0 

31 

0  * 

24 

t  .16* 
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t  s 

33 
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0 
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93 

t  t 

0 

45 
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0 
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0  * 

0 
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47 

0  t 

0 
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93 
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0 

49 
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7 

t  *16* 
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100 
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61 
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38 
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s  t 

0 

63 
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53 

*  *30* 
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*  t 

66 

0  * 

10 

t  *20* 
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0 

67 
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23 

t  .00* 

0  t 

0 

*  t 

69 

0  l 

0 

*  .08* 

80  * 

80 

*ER  severe  * 
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71 

1  t 

18 
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t  t 

73 

0  t 

20 

t  .20* 

100  * 
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76 

0  s 

22 

(  *20* 

100  * 
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t  t 

77 

0  i 

10 

t  *10* 

93  * 

94 

0 

89 

0  t 

27 

*  *10* 

93  t 

96 

t  s 

91 

0  t 

7 

*  .10* 

93  t 

94 

*  s 

0 

93 

2  t 

21 

t  1.00* 
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96 

0  t 

13 

*  *60* 

100  t 
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*  t 

0 

97 

0  s 

0 
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100  t 
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99 

0  t 

0 

*  *16* 
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0 
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0 
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93 

s  t 
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13 
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94 
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0 
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42 
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46 
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18 
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20 
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*B  light  * 

0 
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25 
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96 
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7 
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94 
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Table  Ko.  14  (ContM.) 


ilapactaiFroai  HS  liquidiFroa  HS  vapor* From  HS  liquid iFrom  effeots  on 

at  center 

nrithin  s Estimated  nan  *c«t.  lEst.Man* 

and  vapor 

*  animals 

of  20-yd. 

*20»»yd.  * 

casualties 

*  value  *< 

casual- 

t Estimated  man 

*  Animal 

Eat*  man 

square 
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i  t 
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t 
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t  t 

*  0  t 

i 

11 
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i 

93 

t 

t 

i 

94 

t 

t 

i 
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93 
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96 
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* 
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0 
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1  2  t 

44 

t  ,20* 

100 

t 
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t 
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68 
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* 
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0 
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52 
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42 

60 

* 
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20 
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93 

* 

96 

0 
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0 

t 

0 

t 
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t 

46 

t 

0 
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*  .16* 

100 
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t 
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65 
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98 

* 

96 
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93 

* 

94 

t 
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t  0  * 

20 
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93 

* 

96 
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* 

0 

• 

• 
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t 
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* 

0 
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67 

« 

82 

t 
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*  0  * 

39 
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95 

t 

96 
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10 
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93 

* 

94 

t 
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20 
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93 

t 

96 

* 

0 
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The  average  percentages  given  in  table  14,  are  based 
on  the  total  target  area.  In  table  15,  which  follows,  results  are 
given  to  include  only  the  impact  area,  as  defined  in  paragraph  8b* 

Estimated  casualties  given  in  table  15,  are  based  on  an 
area  of  17,400  sq*  yd*  on  which  there  were  15  impacts*  Results 
in  this  table  show  an  average  of  91*4jC  man  casualties  based  on  the 
effects  of  ES  liquid  and  vapor,  and  41*2$  based  on  ef foots  on  animals, 
or  an  average  of  66*3$  based  on  the  two  methods  of  figuring  casualties, 

Table  Ho*  16 

Estimated  Casualties  on  the  lap act  Area  (17,400  eq*yd» ) 

Firing  Period  and  Following  Ten  Minutes 
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Table  No»  15  (Cont/d* ) 


Stake  no«t 
at  centers 
of  20~yd*s 
square  t 

Impacts 
within 
20«yd»  sq. 

Estimated  man  casualties 

From  HS  liquid 
and  vapor 

s  From  effects 
t  on  animals 

t 

157  s 

""  “r*1 

'  94 . 

s  . .  ' '  ’ 

139  t 

i 

96 

t  100 

141  s 

0 

100 

s 

143  s 

0 

93 

s  0 

155  s 

0 

23 

t 

157  * 

0 

81 

t  0 

169  t 

0 

100 

» 

161  s 

0 

100 

S  0 

163  s 

0 

100 

S 

181  s 

2 

100 

t 

183  t 

0 

100 

S  0 

185  s 

0 

60 

S 

203  s 

1 

100 

t 

205  s 

0 

96 

s  100 

0 

94 

s 

225  t 

0 

82 

t 

0 

96 

s  100 

229  t 

0 

94 

s 

Total  and  s 
average  s 

15 

91*4 

*  41*2 _ 

(2) 

Firing  Period  and  Following  Hour* 

In  table  16,  which  follows,  estimated  man  casualties 
are  given  for  eaoh  20-yard  square,  when  man  protected  with  gas  mask 
only,  is  exposed  on  the  target  area  during  the  firing  period  and  the 
following  hour* 
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Table  No*  16 


Estimated.  Casualties  on  the  Target  Area  Representing  Exposure 
During  Firing  and  Following  Hour 
(Area  2^,400  aq,  yd.) 


Number  of 
stake  at 
center  of 
square 

alapaotsaFrom  HS  liquid 
stti  thin  *  Estimated  man 
a  each  a casualties 
t square  t 

aFrom  HS  vapor 
ae,t»  aEst.man 
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a  a  ties 

aFrom  HS  liquida  From  offsets 
a  end  vapor  a  animals 
a Estimated  men  a Animal  a 

a  casualties  a  casualties  a 

on 

Est*  man 
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1 

s 

0  i 

% 

15 

a  a 

a  0a 

0 

a 

* 

16 

a 

* 

S 

0  a 

20 

a  0a 

0 

a 

20 

a 

6 
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63 
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a 
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0 

7 

0  a 

70 
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a 
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a 

9 

0  a 

40 
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a 
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0 

11 
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16 
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73 
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a 
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0 

a 

0 
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86 

a 

88 

a 
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0  a 

44 
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a 
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29 
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53 
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a 
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a 

31 

0  a 
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a 
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0 
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a 
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a 

45 

0  a 

0 

a  Oa 

0 

a 

0 

aER  moderate 

0 

47 

0  a 

0 
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Table  No*  16  (ContM. ) 


Number  of*  Impacts*  From  ES  liquid 
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stake  at 
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Figures  in  table  16,  show  100$  oasualties  on  85.1$ 
of  the  area,  based  on  the  oombinod  effeots  of  HS  vapor  and  liquid 
and  43,3$  based  on  effects  on  animals,  or  64.4$  based  on  the  two 
methods  of  figuring  oasualties. 

Per  oent  estimated  oasualties  in  tables  14,  15  and 
16,  based  on  the  oambined  effects  of  HS  liquid  and  vapor,  are 
considerably  higher  than  corresponding  figures,  based  on  effects 
on  animals.  Estimates  based  on  effeots  on  animals  were  very 
conservatively  made  and  are  probably  low.  It  is  also  probable 
that  estimates  based  on  effects  of  HS  vapor  alone,  are  high  for 
average  temperature  conditions,  so  that  an  average  baaed  on  effects 
on  animals  and  from  measurements  of  the  oboibined  HS  liquid  and 
vapor  present,  is  probably  more  nearly  correct  than  either  method 
alone. 


g»  Humber  of  Shell  Required  to  Produoe  50$  Man  Casualties. 

It  was  estimated  in  paragraph  8  c  (2)  that  about  14.5 
shell  distributed  per  100-yard  square  will  produoe  50$  oasualties 
from  liquid  HS,  when  man  is  protected  with  gas  mask  only. 

From  figures  given  in  table  15,  it  was  estimated  that 
the  burst  of  15  shell,  on  an  area  of  17,400  sq.  yd.  would  produoe 
91.4$  casualties,  based  on  a  measure  of  the  HS  liquid  and  vapor 
present,  and  41.2$  based  on  effeots  on  animals,  when  man  is  exposed 
during  the  firing  period  and  following  10  min.  On  this  basis,  the 
following  number  of  shell  per  100-yard  square  will  be  required  to 
produoe  50$  oasualties  when  man  is  protected  with  gas  mask  only* 

Based  on  HS  liquid  and  vapor  samples  •  4.7  shell 

Based  on  effects  on  animals  -  10.4  shell 

Average  -  7.6  shell 

Based  on  the  two  methods  of  figuring  casualties,  about 
8  shell  distributed,  are  required  per  100-yard  square  to  produce  60$ 
casualties,  when  man  is  protected  with  gas  mask  only. 

9,  Conclusions. 

From  the  results  of  the  present  test,  the  following 
oonclusions  are  drawn  with  respect  to  the  use  of  166-mm.  shell  filled 
with  HS,  when  fired  under  the  meteorological  conditions  existing  at 
the  time  of  the  test. 

a.  The  number  of  shell  required  per  100-yard  equate  to 
produoe  50$  casualties  when  distributed  ae  equally  as  practicable,  are 
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as  follows i 


(1)  When  man,  protected  with  gas  mask  and  standard 
impregnated  olothing,  is  exposed  during  the  firing  period  *  130  shell 
(Bee  page  14). 

(2 )  'When  man*  protected  with  gas  mask  only*  is 
exposed  during  the  firing  period  and  following  ten  minutes  -  8  shell 
(see  sub-paragraph  8,  page  26 )* 

10*  Recommendations* 


follows! 


It  is  reeommended  that  additional  tests  be  oonduoted  as 


a*  Conduct  a  test  in  the  late  spring  to  determine  effect  of 
season  on  the  gas  concentration  set  up* 

b,  Use  the  minimum  propellant  charge  and  determine  the  effeot 
of  angle  of  impact  on  the  efficiency  of  the  shell* 

c*  Determine  the  effeot  of  terrain  by  firing  for  impact  in 

woods* 

d»  Conduct  one  test  under  favorable  meteorological  conditions 
on  a  larger  scale  than  all  previous  teats  and  detennino  the  vapor  con¬ 
centration  set  up  downwind  from the  impact  area* 


Report  of  Test  of  KS  Filled 
155-a?n*  howitzer  Shall^Test  *D* 
August  29*  1932. 

Project  A  l*l-lb 

Typed  nsm  12-6-52 
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umm  v  a  am  ni»  abtxlubt 

Fort  Soyla,  Nw/kat. 


Mptwbir  1,  lass. 

nCMNii  Far  Hit  IMlaiwl  Pi  r— tor,  If—*  Araaaa 1. 


1.  Iht  fell— Inc  roper t  la  ntelttal  —  firing  af  IBS  — 
H*  f Iliad  obeli  —  Aoguat  29,  1982. 

a.  A  — p  tranafar  of  flra  —a  ua—  far  thla  Awt. 

b.  Ska  ah— k  paint  uaaA  —a  1ST  yarda  —at  af  the 
a— tar  «f  aha  target  ar—  and  fifty  yayda  —art  af  thia  ar— •  A 
praaiai—  adjua t— t  —a  —da  —  Jhla  point  far  whiah  an  ad juated 

ala— Man  of  ttO  —a  attained. 

a.  fta  foil— lag  la  a  round  to  round  a  tat— ant  of  —a 
firing  giving  ala— tl—  and  dafl— tlona  uaad. 

land  gun  B— bar  Drflaatlon  Slava  tien 
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REPORT 


OF 

TEST  OF  HS -FILLED .  165-mu  HCWITZER  SHELL 

~ 1  bm  Hnw^nrorer: - 

- mstim - 

Project  A  1.1-lb 


1.  Object*  The  objeot  of  the  tost*  described  in  this  r sport 
was  to  determine  the  amber  of  HS-filled  165-mu  howitser  shell  required 
under  various  field  conditions  to  produce  60j£  casualties,  requiring 
evacuation  for  hospitalisation* 

2*  Authority*  This  work  was  authorised  in  the  Project  Program  for 
Bdgewood  Arsenal  for  the  fiscal  years  1952  to  1954  inclusive  under  Project 
A  1.1-lb  "155-eau  Shell,  Mil  (How*),  HS-Filled".  It  was  a  joint  C.W.S.- 
Ordnanoe  project  and  tests  were  conducted  in  aeoordanoe  with  program  out¬ 
lined  by  Ordmanoe  Cwsaittee  Minutes,  Item  9241* 

5*  Previous  Work*  Five  tests  were  conducted  prior  to  the  present 
tests,  using  HS-filled  165-sdr.  shell  from  the  same  lot  of  ammunition 
used  in  the  present  tests*  A  list  of  the  previous  tests  is  given  below. 

February  Id  and  17.  1952 »  Thirty-six  shell  from  eaoh  of 
four  lots  of  amainiiion  representing  sKell  used  in  the  present  tests,  were 
fired  for  impact  burst  to  detemine  if  the  shell  functioned  normally, 
but  no  attempt  was  made  to  measure  the  gas  concentration  set  up* 

May  25*  1952 i  Forty  shell  were  fired  for  impact  on  a 
target  100  by  266  yd#  It  was  estimated  from  the  results  that  it  would 
require  about  25  shell  per  100  yd*  sq*  to  produce  60j£  casualties,  when 
personnel  are  protected  by  gas  mask  only* 

June  11.  1932:  Forty  shell  were  fired  for  impact  on  the 
target  used  in  iW  ieei  cF'Bsy  25*  It  was  estimated  from  the  results 
that  about  14  shell  per  100  yd*sq*  are  required  to  produce  60JS  casualties, 
when  man  is  protected  by  gas  mask  only* 

August  4,  1952 »  Forty  shell  were  fired  for  offset  on 
a  target  100  by  SOO  yd*  It  was  estimated  from  the  results  of  the  test 
that  about  8  shell  per  100  yd.  sq*  are  required  to  produoe  50j6  casualties 
when  personnel  are  protected  by  gas  mask  only*  The  test  of  August  4th 
was  fired  about  1  hr*  before  sunset  whereas  the  two  previous  tests  were 
fired  at  9  a®*. 
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August  29,  1952 i  Twenty-eight  shell  were  fired  about 
1  hr.  before  ■ unset  for  inpact  on  a  target  100  by  200  yd.  From  results 
of  the  test  it  was  estimated  that  about  8  shell  per  100  yd.sq.  are 
required  to  produoe  5C$  casualties  when  personnel  are  protected  by  ges 
mask  only. 


4.  Materials  Used  in  the  Present  Test. 

a,  Shell.  The  shell  used  was  the  MU.  165-jbsu  filled 
with  HS.  ""They’V^re  obtained  from  War  Reserve  at  Edgswood  Arsenal  and 
represent  shell  filled  in  the  years  1921-1922,  for  shipment  to  the 
Hawaiian  Islands.  The  HS  used  in  filling  the  shell  was  from  War  Reserve 
and  was  probably  made  by  the  Levinstein  prooess.  The  void  used  in  filling 
the  HS  into  the  shell  is  not  known,  but  was  probably  about  10jt,  based  on 
the  maximum  volume  shell. 

_b.  Booster.  The  booster  used  was  the  MVI-B,  which  contains 
a  bursting- charge  of  £9  g.  of  tetryl  and  253  g.  of  TBT.  Many  of  the 
boosters  in  these  shell  were  improperly  seated. 

e.  Fuse.  The  fuse  used  was  the  Mill  super  quick  point 
detonatingT 

d.  Howltser  Used.  In  all  tests  a  battery  of  four  howi tiers 
was  used  in  firing  ^he  shell,  under  oemoand  of  an  officer  of  the  8th 
Field  Artillery.  The  implaoement  of  the  howitzers  was  on  "C"  field  in 
the  vioinity  af  coordinates  690.9,  1869.1,  as  shown  on  the  special  military 
map  of  Gunpowder  Neck,  prepared  under  the  direction  of  the  Chief  of  Engineers, 
U.S.  Amy. 

50  Target.  In  all  tests  the  target  consisted  of  an  area  100  yd. 
wide  by  206  yd.  deep,  located  on  *H"  field.  The  effectiveness  of  the 
gas  oonoeut ration  set  up  was  determined  with  the  use  of  paper  panels 
or  silhouettes,  vapor  sampling  machines  and  animals  which  ware  placed 
on  the  target  at  definite  positions. 

6.  Method  of  Interpreting  Results. 

i.  Paper  Panels  or  Silhouettes.  The  paper  panels  or  silhouettes 
plaoed  on  "the  target  io  register  liquid  HS,  were  oolleeted  after  the  firing 
and  tabulated  for  also  of  HS  drops  end  pattern  produced,  using  the  pattern 
scale  attached  to  this  report.  Panel  or  silhouette  data  ware  interpreted 
as  follows} 
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(1)  Casualties  Baaed  on  Penetration  of  Uninp re  gna ted 

dipping, 

HI  paper  panels  were  tabulated  for  pattern  using  the 
gradings  heavy,  medium,  light  and  traee,  as  given  on  pattern  scale 
accompanying  this  report.  Casualties  estimated  from  the  gradings 
were  based  on  the  results  of  laboratory  tests  given  in  Messorandum  of 
Oot.  22,  1931  to  the  Chief,  Engineering  Division  from  the  Chief,  Pro¬ 
tective  Development  Division,  Fran  the  results  of  these  tests,  it 
was  estimated  that  personnel  proteoted  by  gas  mask  and  standard  issue 
of  unimpregnated  clothing  would  experience  casualties  as  follows t 


Pattern  on 
panel 

t  Size  of  HS  t 
t  drops  t 
!  ! 

Estimated  man  casualties  thru 
standard  issue  of  unimpregnated 
clothing 

t  mg,  t 

i 

H  Heavy 

t  ,002  to  t 

t  0,10  ! 

100 

it  Medium 

t  *002  to  ,05 t 

166 

L  Lilkt 

t  *002  to  *0fci 

16  1 

#■  ihraee 

t  ,001  'to  ,03 1 

60 

(2)  Casualties  Based  on  Penetration  of  Impregmted 
dlo'iMng, . " 

The  minimum  size  HS  drops,  as  registered  by  paper  panels, 
which  will  produoe  casualties  when  personnel  are  protected  by  gas  mask 
and  standard  issue  of  impregnated  clothing,  were  determined  by  labora¬ 
tory  tests  reported  in  Memorandum  of  Aug,  6,  1931  to  the  Technical 
Director  from  the  Chief,  Protective  Development  Division,  From  these 
tests,  it  was  concluded  that  HS  drops  of  the  following  sizes  would 
penetrate  two  layers  of  standard  impregnated  clothing  and  produoe  casual¬ 
ties  as  follcwst 

HS  drops  0,5  mg.  in  size  -  40j£  casualties 

HS  drops  0*7  mg,  in  size  -  8O5S  casualties 

HS  drops  0*8  mg.  in  size  -  100%  casualties 

In  the  tests  conducted,  no  attempt  was  made  to  classify  drop  sizes 

between  0*6  and  1.0  mg,  due  to  difficulty  in  identifying  the  intermediate 
drop  sizes. 
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b.  HB  Vapor  Samples,  A  description  of  the  vapor  sampling 
aaohines  and  ^e-fehod  of  analysis  of  the  HS  is  given  in  E.A.T.R,  65* 

In  the  present  report  the  respiratoiy  effects  of  HS 
vapor  were  not  considered  bat  only  vesicant  effects,  which  in  the  oase 
of  HS  vapor  was  based  on  its  o.t.  value.  The  e»t,  value  is  the  pro¬ 
duct  of  vapor  concentration  in  milligrams  per  liter  and  the  exposure 
period  in  minutes.  Man  casualties  were  figured  from  the  o.t.  value, 
using  the  valuation  curve  given  on  Graph  1.  This  curve  was  plotted 
from  results  of  gas  chamber  tests  given  in  Pharmacological  Report 
No.  318,  Aside  from  the  points  given  on  the  graph  to  establish  the 
carve,  an  additional  point  "BM  is  also  given  to  represent  exposure  in 
the  field  of  a  man  at  Bdgewood  Arsenal  who  became  a  casualty  for  about 
Z  wks.  due  to  vesicant  effects  of  HS  vapor.  The  vapor  oonoentration 
and  exposure  period  of  this  man  was  equivalent  to  a  c.t,  value  of 
about  .043,  which  corresponds  on  the  curve,  to  55fi  man  casualties. 

All  man  are  not  equally  resistant  to  HS  vapor  but  the  man  exposed  was 
shown  by  laboratory  tests  to  represent  an  average  subject.  If  a  group 
of  men,  taken  at  random,  were  exposed  to  a  o.t.  value  of  .043  the  valua¬ 
tion  curve  shows  that  about  bZ%  would  be  casualties, 

jOo  Based  on  Effects  on  Animals,  In  all  tests,  the  animals 
were  handled  by  &e  Medioal  Research  division  and  after  each  test,  were 
subjected  to  observatibn  by  that  division  for  a  period  of  about  3  wks. 
The  following  symbols  were  used  to  designate  the  nature  of  the  animal 
casualties. 


N  -  not  affected 
D  -  death 

E  -  simple  conjunctivitis 
Eg  m  cloudy  cornea 
R  -  respiratory  effects 
S  -  erythema  of  skin 
S«  -  second  degree  skin  bums 
KF  -  killed  by  shell 

The  severity  of  the  oasualty  was  classified  as  light, 
medium,  severe  and  death  designated  by  LC,  UC,  SC,  and  D  respectively. 

All  animal^  casualties  were  interpreted  by  the  Medioal 
Researoh  Division  in  terms  of  man  casualties.  From  the  effects  on 
the  animal,  it  was  estimated  by  the  Medioal  Research  Division,  whether 
in  their  opinion,  a  men  subjected  to  the  same  exposure  ae  the  animal, 
when  protected  by  gas  mask  and  sstandard  issue  of  unimpregnated  clothing, 
would  have  been  a  casualty.  In  the  oase  of  eaoh  animal,  the  answer 
was  yes  or  no  ,  so  that  no  intermediate  interpretations  are  given. 
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A  man  casualty  is  defined  as  one  haying  an  Injury  sufficiently  eeyere 
to  normally  require  evacuation  for  hospitalisation* 

In  recording  data  in  this  report,  at  positions  where 
two  rats  were  exposed,  if  either  rat  was  rated  an  estimated  man  oasualty, 
estimated  man  casualties  at  that  position  are  given  a  rating  of  100  $. 

7.  Effective  Concent ration.  In  this  report,  an  effective 

concentration  is  considered  to  be  one  which  will  produce  50$  casualties 
when  personnel  are  exposed  to  the  effects  of  the  vapor  for  a  period 

of  about  25  min. 

8.  Tests  Conducted.  The  five  tests  were  conducted  and  results 
obtained  as  follows < 

jz.  Test  of  May  18,  1935. 

(1)  Object.  The  object  of  this  test  was  to  determine 
the  effect  of  spring  conditions  on  the  number  of  HS-filled  166mm. 
howitzer  shell  required  to  produce  50$  casualties  when  fired  at  sundown 
at  personnel  protected  by  gas  mask  only,  who  are  exposed  in  open  oountry 
for  a  period  of  about  25  min.  including  firing. 

(2)  Materials  Used.  Thirty-nine  Mil,  166-mm.  howitzer 
shell,  filled  with  HS,  were  used  in  the  test.  The  history  of  these  shell 
and  the  type  of  fuse  and  booster  used  are  given  in  paragraph  4. 

(?)  Target.  The  target  was  a  rectangular  area  100  yd. 
wide  by  200  yd.  deep ,  located  in  open  oountry  on  "H"  field  in  the  vioinity 
of  cowrdiaates  690.6,  1863.8,  and  oriented  so  that  the  long  axis  was  in 
line  with  the  direction  of  fire.  It  was  covered  with  grass  and  weeds 
having  a  height  of  about  6  in.  of  varying  density  and  the  soil  was 
extremely  wet.  The  target  was  divided  into  10-yd.  squares,  by  placing 
numbered  stakes  at  10-yd.  intervals,  and  paper  panels,  8  in.  sq.  were 
distributed  over  the  area  by  placing  one  at  eaoh  stake  position.  A 
silhouette  20  in.  by  40  in.,  was  placed  at  the  oenter  of  each  10-yd. 
square  and  at  the  oenter  of  alternate  20  yd.  squares,  a  goat  was  plaoed 
in  a  fox-hole,  having  a  depth  of  about  18  in.  On  intervening  20  yd. 
squares,  a  rat  in  a  cage  was  suspended  from  a  stake  at  an  elevation  of 
18  in.  At  alternate  rat  positions,  a  rat  was  plaoed  in  a  cage  on  the 
ground  under  the  rat  suspended  at  an  elevation  of  18  in.  The  target 
was  at  a  range  of  about  5,500  yd.  from  the  position  of  the  howitzers 
as  given  in  paragraph  4. 

Chart  IS  accompanying  this  report,  shows  the  target  as 
it  was  prepared  for  the  test  with  position  of  animals,  panels  and 
sampling  machines. 
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(4)  Firing  of  Shell. 

(a)  Adjustment  of  Howitsers*  Sixteen  shell  were 
used.  Registration  fire  was  directed  at  a  position  about  100  yd.  east 
of  the  target.  Firing  started  at  4t09  p.m*  and  ended  at  4t46  p.ra. 

(b)  Fire  for  Effect.  The  four  howitsers  were 
ranged  in  parallel  using  tWree  elevations  for  distribution  of  impaots. 
Firing  for  effeot  started  at  5i21  p.m.  and  ended  at  5t39  p.m.,  a  period 
of  18  lain.  A  photos ta tic  oopy  of  a  Memorandum  dated  May  22 t  1933  to 
Capt.  C.E.  Louoks ,  from  the  Battery  Cosmander  giving  the  firing  data 

by  round,  is  attaohed  to  this  report* 

(6)  Meteorologieal  Conditions. 

(a)  During  the  Firing  Period  and  Following  Hour. 


Time :  6«21  p.m.  to  5s59 

p*m* 

Air  temperature.  °F. 

71 

Ground  temperature,  °F. 

81 

Relative  humidity,  % 

68 

Barometrio  pressure 

30*46 

Wind  velocity  ♦ 

4.0 

Wind  dlreotion 

SSW 

Sky 

clear 

♦Taken  at  an  elevation  of  6  ft. 

(b)  During  the  First  14  Days  Following  Firing. 


CTT.  %  rrmaHMBHHl 

IJOOIHiSBh 

iiKJH'.?ngnon  f-rrm: 

2  p.m.  i 

4  p*m* 

t  blear 

dear 

dear 

l-fAl  ft  TT  FM 

M3CTZ 

KZIUM 

iyi  ^  p  -  if  WT 

1 1  H  ■  ■if1 1  WM 

lfiW 

itt&Km 

TiWT‘V2 

PffrA  W-~yTT«lf-7 

71.1  1 0 

wmm 

ranf/n 

dear 

dear 

FfliTffi-*  TV  iK'TW^W  f 

wjimm 

w  t  ff 

DETDEL1! 

MAAUi 

MJ/JdS 

•TITTH  ■fj'l-fTTtTI-'-ITFW'T 

WVjf>W 

miiiM 

■mial 

•fflTI  Tl'T-  ff :  V^TiTTf  W  T 

70*5  t  0 

EECLTt 

Q£EL?Z 

Vkl-TilkkR-  :rFlfn  K’T 

T'f  f 

rtfTTjr 

l^X 

ftlTl  iJf  TT17T  T 

Mfiiffini 

K»£K 

mjiUtM 

•fU'-fl-fl  TV iH»TTTK»T 

cloudy 

rer-nj’insEni 

EEH 

mjjtum* 

1  'f  \  -W'7 

m;»H«  t«‘  T-nnf 

17iM 

r71-.»rj7i--frirVi-PEFT-F-ff>T 

n&tfiass&i 

wnrw 

rain 

limrimtimnsL 

w;  y 

BSESSI 

KSELTnmit* 

L-Pt-’IH' v7 

wamrm 
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(6)  Results 


(a)  Impaots .  The  position  of  intact s  are  shown 
on  Chart  2E»  Of  the  23  shell  fired  for  effeot  16  registered  on  the 
target  and  8  within  a  distanoe  of  40  yd.  of  the  target. 

Of  the  39  shell  fired  including  the  16  used  for  adjust¬ 
ment,  there  were  6  duds,  1  low  order  burst,  and  33  nonoal  bursts. 

(b)  Liquid  HSo 

1.  Size  of  HS  Drops.  The  paper  panels  and 
silhouettes  on  the  target  "area  were  tabulated  for  size  of  HS  drops. 
Results  are  given  in  the  following  tables t 


Table  No.  1. 


Number  of  Panels  Showing  HS  Drops  of  0.1  mg.  or  Over. 


Panel t 

No 

.  of 

HS  drops 

no. » 

i 

9.1  to 
0.5  mg. 

jOver  0.5 
sto  1.0  H 

»0ver  1*0 
igaito  3.0  mg. 

:0ver  3.0 

1 

"  J"V  '  '  i' 

e 

e 

1 

i 

t 

7  « 

2 

< 

• 

• 

> 

17  j 

1 

i 

t 

i 

20  i 

75 

i 

25 

i 

i 

26  : 

» 

3 

i 

j 

27  j 

i 

1 

,  1 

j 

28  < 

3 

i 

1 

i 

t 

29  » 

30  i 

3 

a 

e 

i 

i 

i  1 

i 

> 

31  i 

25 

• 

• 

60 

> 

i 

38  t 

i 

2 

i 

i 

39  < 

100 

i 

i  2 

i 

41  > 

10 

i 

20 

>  5 

i 

42  < 

5 

i 

10 

:  10 

i  1 

43  i 

i 

3 

i 

i 

62  : 

10 

• 

• 

20 

> 

• 

• 

64  t 

1 

• 

• 

i 

i 

55  : 

3 

j 

i 

i 

73  i 

3 

i 

j 

i 

83  i 

1 

i 

1 

> 

i 

86  i 

15 

i 

1 

j 

i 

87  : 

3 

• 

• 

6 

> 

t 

89  : 

12 

i 

2 

< 

> 
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Table  So.  1  (Cont*d.) 


Panel :  No.  of  ES  drope 


no. 

|0. 

1  to 

«0ver  0.6  i 

Over  1*0  lOver  3*0 

|0. 

5  mg. 

<to 

1.0  mg.  < 

bo  3.0  mg. < 

mg* 

i 

8 

< 

1  < 

98 

i 

s 

5  < 

t 

99 

: 

76 

i 

25  i 

t 

101 

: 

6 

i 

i 

112 

e 

• 

t 

2  : 

t 

114 

i 

1 

t 

< 

116 

• 

• 

3 

t 

t 

128 

s 

4 

t 

< 

133 

i 

t 

3  : 

134 

i 

4 

t 

3  : 

1 

136 

i 

2 

t 

1  : 

t 

138 

t 

5 

t 

2  : 

i 

141 

< 

• 

• 

1  < 

146 

< 

20 

• 

• 

3  : 

: 

146 

• 

• 

i 

10  t 

< 

148 

> 

t 

5  t 

2  : 

165 

< 

6 

s 

< 

1 

157 

< 

3 

t 

2  : 

1 

191 

< 

• 

• 

3  : 

: 

192 

< 

16 

i 

6  t 

< 

194 

t 

i 

3  i 

5  t 

1 

198 

i 

100 

i 

100  i 

t 

201 

i 

< 

1  < 

202 

< 

5 

i 

< 

203 

< 

5 

t 

3  < 

i 

205 

< 

25 

t 

< 

206 

i 

t 

2  : 

< 

212 

i 

2 

i 

< 

213 

i 

25 

t 

10  s 

< 

214 

t 

t 

6  : 

5  i 

225 

t 

t 

5  i 

< 
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Table  No.  1A 
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Table  No.  1A  (Cont’d.) 


Sllhou-i  Ho,  of  HS  Dropa 


ette 

no* 

:fi«l  to 
t0.5  ag. 

(Over  0*5  t 
ito  l.O  ag*  < 

Over  1*0 
to  3*0  mg. 

»0ver  3.0 

*  *6* . - 

79 

t 

t 

i 

82 

i 

10 

t 

20 

10 

t  5 

83 

• 

4 

10 

• 

• 

10 

10 

t 

101 

: 

5 

t 

3 

t 

102 

t 

6 

4 

4 

2 

t 

106 

t 

20 

I 

3 

t 

107 

i 

4 

I 

i 

112 

i 

5 

I 

3 

3 

t 

114 

t 

10 

1 

6 

1 

t 

116 

t 

5 

t 

i 

116 

i 

10 

I 

i 

117 

i 

20 

I 

i 

121 

t 

10 

I 

5 

5 

i  2 

122 

i 

10 

t 

2 

i 

123 

t 

10 

t 

2 

i 

124 

i 

8 

t 

1 

i 

126 

t 

5 

t 

2 

i 

131 

t 

20 

t 

2 

2 

* 

132 

t 

20 

1 

10 

1 

t 

133 

i 

6 

S 

3 

5 

t 

141 

i 

3 

t 

3 

1 

i 

142 

t 

3 

i 

t 

176 

i 

50 

i 

2 

t 

177 

t 

50 

: 

6 

t 

178 

< 

5 

i 

i 

182 

t 

6 

i 

5 

5 

i 

183 

t 

10 

i 

1 

t 

184 

t 

20 

t 

i 

186 

i 

5 

i 

2 

1 

t  1 

186 

i 

5 

t 

1 

i 

192 

< 

2 

< 

i 

193 

j 

10 

< 

5 

i 

194 

t 

20 

< 

6 

i 

196 

* 

2 

< 

5 

1 

! 
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(o)  Estimated  Man  Casualties  from  Liquid  HS, 

1»  Man  Protected  by  Qas  Mask  bat  Without 
Protaotion  of  Impregnated  Cloihing. 

A  tabulation  of  the  density  of  pattern  on  paper  panels 
and  silhouettes  together  with  estimated  nan  casualties  are  given  in 
the  following  tables.  The  pattern  soale  is  attached  to  this  report. 
The  basis  of  estimated  oasualties  is  explained  in  paragraph  7. 

Table  So.  2. 

Estimated  Man  Casualties  on  Target  Based  on  Liquid  HS 

on  Panels.  . 


fat tern 


Panels  c  1  as b if i ad  t Eat lasted  nan 
¥oT  »  Per  cent  of1 teasualties  for 


itotal  on  tarvman  protected 


t 

t 

get 

iby  gas  mask 
i  only 

t 

t 

* 

Heavy 

<  8 

t 

3.6 

t 

3*6 

Medium 

t  23 

• 

e 

10.0 

t 

10.0 

Light 

i  35 

t 

14.3 

i 

11.4 

Traoe 

i  102 

1 

44.1 

« 

26.4 

Ho  HS 

t  66 

1 

28.1 

t 

¥otal 

rrsr 

* 

TSo.6 

t 

"TITS 

Table  No.  tt. 


Estimated  Man  Casualties  on  Target  Based  on  Liquid  HS 
on  Silhouettes. 


Heavy 

t 

"W~, 

— 8^T~ 

t 

~575 - 

Medium 

i 

36  t 

18.0 

t 

18.0 

Light 

i 

34  t 

17.0 

> 

13.6 

Trace 

t 

62  t 

26.0 

t 

16.6 

No  HS 

i 

62  t 

31.0 

t 

fotai 

t 

200  t 

lOto.C) 

t 

66.2 
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2,  Man  Protected  by  Gas  Mask  and  Standard 
~  impregnat'e'd'  riiothlng. . .  ' 

From  results  in  Tables  No*  1  and  1A,  tabulations  are  giwsn 
in  the  following  tables  of  the  number  of  panels  and  silhouettes  showing 
HS  drops  of  0*5  mg*  or  larger  together  with  estimated  man  casualties. 

The  basis  of  the  estimated  casualties  is  explained  in  paragraph  6,a,(2). 

Table  No*  3* 

Estimated  Man  Casualties  from  Liquid  HS  Based  on  Panel  Data* 

Site  of  Ms  drops  i¥o,  of  tfestimated  casualties  lor 
i panels  man  protected  by  gas  mask 


t 

t 

tend  standard  impregnated 
t  elo thing 

mg.  t 

tper  panel  ^(target  area  Jk 

One  drop  or  mo ret 
between  0*6  and  t 
1*0  but  with  no  < 
drop  exceeding  t 

1.0  t 

25 

1  40  t 

t  t 

1  1 

1  t 

t  1 

4.3 

One  drop  or  moret 
exceeding  1.0  t 

I  155  T 

t  : 

6.9 

total  1 

t  t 

11. 

Total  panels  on  target  -  251 


Table  No*  3 A* 

Estimated  Man  Casualties  from  Liquid  HS  Based  on  Silhouette 

r"'Dai;a» 


Si'se  of  HS  dropsilo.  01*1  Estimated  casualties  for 


tsilhou**  man  protected  by  gas  mask 
1  ettes  tand  standard  impregnated 
1 _ 1 _ clothing _ 


mg*  1 

tper 

panel  rear  get  area  % 

One  drop  or  moret 

22 

t 

40  t 

4.4 

between  0*3  and  t 

t 

t 

1*0  but  with  no  t 

t 

t 

drops  exceeding  t 

t 

t 

1.0  t 

t 

t 

One  drop  or  moret 

TT 

t 

“155  r 

18,6 

exceeding  1*0  t 

t 

t 

Total  t 

t 

t 

22.9 

Total  silhouettes  on  target  -  200* 
-  12  - 
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(d)  Estimated  Man  Casualties  from  HS  Vapor. 


Vapor  sampling  maohlnaa  war*  placed  to  take  samples  at 
positions  shown  on  Chart  1*  In  Tables  No.  4  and  4A  which  follow, 
the  vapor  concentration,  o.t.  value  and  per  cent  estimated  man  casualties 
from  HS  vapor,  are  given  for  each  sampling  position,  representing  man 
protected  by  gas  mask  but  without  protection  of  impregnated  clothing. 

The  basis  of  estimated  casualties  is  explained  in  paragraph  6  b. 

jl.  Firing  Period  and  Following  15  Minutes. 


Table  No.  4. 


Estimated  HS  Vapor  Casualties  on  Target. 


Sampling 


ElevationtVoi.  of 


■W 


TCP 


Estimated  nan  casualties 


or 


o.t. 


position 


of  tair  s am- 


sampled 


oonen. 


value 


for  man  protected  by  gas 


t  samples 

1 

pled 

i 

t 

*  } 

mask  only 

t  ft. 

I 

liters 

mg. 

tmg./l. 

t 

t 

- % -  - 

c 

i  1 

1 

888 

8.8 

t #0098 

i 

.25  i 

100 

F 

*  1 

I 

880 

1.8 

1.0020 

i 

.05  t 

58 

G 

t  0 

1 

914 

5.2 

1.0067 

t 

•14  i 

100 

J 

i  0 

1 

862 

5.8 

1.0065 

t 

.16  « 

100 

K 

1  1 

1 

844 

10.1 

t.0119 

i 

.30  i 

100 

N 

1  1 

1 

884 

0 

t  0 

i 

0  i 

0 

0 

t  0 

1 

830 

1.8 

1.0022 

i 

•06  t 

58 

R 

t  0 

1 

884 

0 

t  0 

i 

0  t 

0 

S 

1  1 

1 

884 

1.2 

1.0014 

_»_ 

.03  i 

41 

♦The  time  period  used  in  figuring  the  o.t.  value  was  25  min.  (l/2  firing 
period  plus  15  min). 


Appendix  E 


IS 


Table  Ho.  4A 


Estimated  HS  Vapor  Casualties  atPositions  Outside  of 
.  Target*  .  ~ 


(Elevation 1V0I,  of 

t 

“Is 

(Vapor 

> 

position 

>  of 

tair  sam> 

(sampled 

(oonen. 

(value (for  man  protected  by 

t  samples 

( 

>gas  mask  only 

i  ft. 

t  liters 

t" 

■g* 

mg./l. 

it' 

— r — %  - 

s  0 

t  444 

( 

1.2 

>•0027 

> 

.07  >  76 

t  1 

t  444 

( 

0 

> 

> 

>  0 

s  2 

t  444 

( 

0 

( 

> 

>  0 

t  4 

>  444 

( 

0 

( 

> 

(  0 

H 

t  0 

1  46F“ 

( 

0 

( 

> 

( 

t  1 

t  467 

( 

1.6 

>•0056 

> 

•09  >  87 

t  2 

t  467 

( 

0 

> 

> 

(  0 

t  4 

t  467 

( 

0.4 

(•0009 

( 

•02  t  80 

L 

t  6 

t  422 

( 

0 

( 

> 

(  0 

t  1 

i  422 

> 

0 

( 

> 

(  0 

i  2 

t  422 

> 

0 

t 

( 

(  0 

i  4 

t  422 

_( 

0 

( 

> 

(  0 

P 

t  0 

i  nr~ 

> 

6 

t 

> 

(  6 

t  1 

t  416 

( 

0 

> 

> 

(  0 

*  2 

t  416 

( 

0 

( 

> 

(  0 

t  4 

t  416 

> 

0 

( 

> 

>  0 

T 

t  6 

“>  442 

> 

0 

> 

i 

>  0 

t  1 

t  442 

( 

0 

> 

> 

(  0 

t  2 

t  442 

( 

0 

> 

> 

(  0 

>  4 

i  442 

0 

> 

t_ 

>  0 

(e)  Estimated  Man  Casualties  Based  on  Bffeots 
on  Animals. 


Animals  consisting  of  goats  and  rats  were  plaeed  on  the 
target  at  positions  shown  on  Chart  IE.  Animal  casualties  and  estimated 
nan  casualties,  when  man  is  protected  by  gas  mask  only,  are  given  in 
Tables  No,  BA,  5B,  and  EC,  Animal  casualties  and  estimated  man  casualties, 
based  on  effects  on  animals,  are  shown  on  Charts  4E  and  BE,  The  basis 
of  estimated  casualties  and  the  symbols  used  to  designate  the  nature  of 
the  casualties  on  the  charts  and  in  the  tables,  is  explained  in 

paragraph  7  o. 
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lo  Firing  Period  and  Following  16  Minutes 


Table  Mo.  6A> 

Eatiaated  Man  Casualties  Based  on  Iffeots  on  Hate  Suspended 
at  an  KLcWti'on  of1  18  Inezes . 


position 

feature  ofiSeTsrity  of 
it casualty  t  casualty 

Estimated  man 
t  casualties 

15 

i 

i  EES 

t 

t 

tDeath  in 
t  6  days 

*  i 

i  100 

86 

i  Death!  in 
*  3  days 

t  100 

i 

idi 

t  s 

»  tc 

1  1ST" 

155“ 

7  IF 

t  t> 

1  IC5- ” 

Total  estimated  man  casualties  -  4 
Total  rats  suspended  in  cages  -  26 
Per  cent  estimated  man  casualties  -  16$ 


Table  Mo,  SB. 

Estimated  Man  Casualties  Based  on  Effects  on  Bats  in 
Cages  on  firouneU 


— W~ 

i 

* 

ERS 

tDeath  in 
{  5  days 

( 

( 

155 

129 

t 

i 

EES 

(Death  in 
(  8  days 

( 

( 

155 

TfT" 

i 

t 

H 

(Deatk  in 
(  8  days 

( 

{ 

100  "””™' 

W 

« 

i 

"W 

(beath  ini 
(  8  days 

( 

( 

~T5o 

Total  estimated  man  casualties  -  4 
Total  rats  exposed  on  ground  -  15 
Per  cent  estimated  man  casualties  -  30.8$ 
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Table  go.  6C. 


Estivated  Man  Casualties  Based  on  Effects  on  Goats. 


Slake 

position 

t  Nature  of 
(casualty 

(Severity  of (Estimated 
(  casualty  man  casualties 

19 

t 

l  ES 

(  ( 

(  MC  ( 

% 

100 

- 1  1 

16o 

"4$ 

1 l 

i  EC  i 

d 

65 

t  s 

(  Ed  ( 

15 B 

fXMHLiiHMni 

d 

161 

t  t 

.  lc  r 

0 

TTC — 

(  s 

(  LC  t 

0 

. m 

1  BT"" 

6 

Total  estivated  nan  casualties  -  2 

Total  goats  exposed  -  26 

Per  oent  estimated  nan  casualties  -  8 % 


_2*  Fifth  and  14th  Day  After  Firing. 

Two  goats  were  exposed  in  shell  craters  near  stakes 
74  iad  116  for  a  period  of  24  hr*  on  the  fifth  day  after  firing  and 
two  additional  goats  were  exposed  in  craters  near  stakes  69  and  151 
on  the  14th  day  after  jdrlng* 

Of  the  two  goats  exposed  on  the  fifth  day  after  firing, 
one  was  a  nediun  casualty  showing  a  second  degree  skin  burn*  The 
other  goat  exposed  on  the  fifth  day  after  firing  and  the  two  goats 
exposed  on  the  14th  day  after  firing  showed  no  casualty  effects* 

(7)  Discussion* 

(a)  Shell  Distribution*  The  positions  of 
inpacts  on  and  around  the  target  are  shcrwrTon  Chart  2S*  There  were 
IS  norwal  bursts  on  the  target  and  8  outside  of  the  target*  Bone 
of  the  bursts  outside  of  the  target  were  appreciably  effective  on 
the  target* 


(b)  Inpaot  Area*  For  purposes  of  study,  the 
impact  area  nay  be  regarded  as  that  part  of  the  target  represented 
by  the  20-yd.  squares  listed  in  Table  No.  6A*  The  inpaot  area  is 
shown  on  Chart  laE* 
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( e)  Estimated  Man  Caaualties  froa  Liquid  HS. 

1.  of  Meteorological  Condition!, 

The  only  meteorlogioal  factor  having  any  affact  on  the 
siza  of  the  araa  covered  with  liquid  HS,  by  burnt  of  a  single  shall,  is  wind 
velocity.  The  wind  velocity  during  the  firing  was  4.0  m.p.h.  which  was 
too  low  to  have  much  effect  on  the  pattern  produoed  by  the  large  HS  drops. 
Previous  field  tests  have  demonstrated  however,  that  under  the  prevailing 
wind  conditions,  a  fine  HS  mist  whieh  will  produce  an  HS  pattern  corres¬ 
ponding  to  traoe  in  the  pattern  scale  used,  nay  be  carried  about  60  yd. 
from  the  position  of  burst. 

_2.  Man  Protected  by  Gas  Mask  but  Without 
Protection  of  Impregnated  do iking. 

It  is  estimated  from  results  in  Tables  No,  2  and  2A 
that  personnel  protected  by  gas  mask  only  if  exposed  with  equal  dis¬ 
tribution  on  the  target  during  firing,  would  experience  about  61.3$ 
casualties  from  liquid  HS  based  on  panel  data  and  55.2$  based  on  sil¬ 
houette  data  or  an  average  of  about  55.2$  casualties  based  on  silhouette 
and  pansl  data.  The  liquid  HS  on  the  area,  whioh  was  the  basis  of 
53.2$  estimated  casualties,  was  due  to  the  burst  of  13  shell.  On  the 
basis  of  13  shell  on  an  area  of  20,000  sq.yd.  to  produoe  53.2$  casualties 
from  effects  of  liquid  HS,  when  man  is  protected  by  gas  mask  only,  it 
will  require  about  6.1  shell  per  100  yd.  sq.  to  produoe  50$  casualties. 

— •  Man  Protected  by  Gas  Mask  and  Standard 

“*  Impregnated  Clothing.  '  .  ' 

From  results  in  Tables  3  and  SA,  it  is  estimated  that 
personnel  protected  by  gas  mask  and  standard  impregnated  clothing  who 
are  exposed  on  the  target  during  the  firing  period,  would  experience 
from  effects  of  13  shell,  about  11.2$  casualties,  based  on  panel  data 
and  22.9$  casualties  based  on  silhouette  data  or  an  average  of  16.6$ 
oasualties  based  on  silhouette  and  panel  data. 

On  the  basis  of  13  shell  on  an  area  of  20,000  sq.yd. 
to  produce  16.6$  casualties,  when  man  is  protected  by  gas  mask  and 
standard  impregnated  clothing,  it  will  require  about  20  shell  per 
100  yd.  sq.  to  produce  60$  casualties. 
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(d)  Effsots  of  HS  Vapor. 

Jl.  Discussion  of  Meteorological  Conditions. 

In  the  present  test  the  air  temperature  was  71°F.  and 
wind  velooity  4  m.p.h.  These  conditions  were  not  extremely  favorable 
for  the  use  of  HS  as  the  temperature  was  a  little  low  for  rapid  evapora¬ 
tion  of  the  HS  and  the  wind  velooity  slightly  high  as  it  carried  the  HS 
vapor  away  too  fast  for  most  effective  results. 

2, •  Firing  Period  and  Following  15  Minutes. 

(a).  On  Target. 

Results  of  vapor  samples  taken  at  9  sampling  positions 
on  the  target  are  given  in  Table  Ho.  4  for  the  firing  period  and  follow¬ 
ing  16  min.  The  vapor  oonoentration  for  each  20-yd.  ®q.  of  the  target 

was  figured  from  results  in  this  table  taking  into  aocount  the  positions 
of  nearest  impacts  and  wind  direction.  These  results  are  given  in  the 
6th  column  of  Table  Ho.  6.  From  the  average  of  the  figures  in  the 
5th  column,  it  is  estimated  that  personnel  with  gas  mask  protection 
only,  would  experience  about  56.6^  casualties  from  HS  vapor  if  exposed 
on  the  target  during  firing  and  the  following  15  min. 

The  per  oant  estimated  casualties  for  eaoh  20-yd.  sq. 
as  given  in  Table  No.  6.  is  shown  graphically  on  Chart  5E.  The  shaded 

area  on  the  chart  represents  that  part  of  the  area  on  which  10 0#  casualties 

would  be  produced  by  the  effects  of  HS  vapor  when  man  is  protected  by 
gas  mask  only.  The  per  cent  casualties  shown  on  Chart  E3  are  based  on 
the  effeets  of  15  shell.  If  15  shell  distributed  over  an  area  of  20.000 
sq.yd.  will  produce  56.6$  casualties  by  effects  of  HS  vapor,  it  will 
require  about  6  shell  correctly  plaood  per  100  yd.sq.  to  produce  50$ 
casualties  when  man  is  protected  by  gas  mask  only. 

^b).  Outside  of  Target. 

Estimated  man  casualties  at  sampling  positions  30  yd. 
downwind  from  the  target  are  given  in  Table  No.  4a  for  the  firing 
period  and  following  15  min.  Only  two  positions.  D  and  H.  showed  the 
presence  of  HS.  These  sampling  positions  were  located  opposite  the 
nobtheast  corner  of  the  target  and  are  the  positions  where  the  highest 
vapor  concentration  would  be  expected.  Personnel  exposed  at  positions 
from  D  to  H,  during  the  firing  period  and  following  15  min,  would  ex¬ 
perience  some  casualties  from  effects  of  HS  vapor  if  they  were  provided 
with  gas  mask  protection  only. 
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(e)  Estimated  Man  Casualties  Based  on  Effect* 
on  Animals, 

A*  Firing  Period  and  Following  15  Minutes. 

Animal  casualties  and  estimated  man  casualties ,  based 
on  effects  on  animals ,  are  given  in  Tables  No,  5A,  66,  and  5C  for 
exposure  on  the  target  during  firing  and  the  following  15  min,  The 
results  in  these  three  tables  are  consolidated  in  the  last  two  columns 
of  Table  No,  6*  From  the  consolidated  results,  it  is  estimated  from 
animal  casualties,  that  personnel  protected  by  gas  mask  only,  would 
experience  18%  casualties  if  exposed  on  the  target  during  the  firing 
period  and  following  16  min. 

Z»  Persistence  of  HS  on  Impact  Area, 

Results  given  in  paragraph  9,a,(6),(e),2  show  one  animal 
oasualty  out  of  two  exposed  in  shell  craters  for  a  period  of  24  hr*  on 
the  5th  day  after  firing  and  no  casualties  out  of  two  exposed  on  the 
11th  day  after  firing. 

These  results  indicate  that  if  the  impaot  area  is  oocupied 
for  a  period  of  about  24  hr,  by  personnel  provided  with  only  gas  mask 
protection  within  the  fifth  day  after  firing,  some  casualties  will  be 
produoed.  It  is  probable  that  the  area  could  be  oooupied  following  the 
10th  day  after  firing  by  personnel  without  gas  mask  protection,  without 
experiencing  serious  casualties,  provided  shell  craters  are  avoided, 

(f )  Comparison  of  Per  Cent  Estimated  Masked  Main 
Sasualtiee  Based  on  Measurements  o i  the  das 
Concentration  and  by  Kf foots  on  Animals. 

A*  On  Target  (100  yd*  by  200  yd»). 

In  Table  No*  6,  estimated  man  casualties  are  given  for 
each  20  yd.sq.,  representing  an  animal  position  based  ons 

HS  liquid  as  determined  by  panel  data 
HS  vapor  as  determined  by  vapor  samples 
Combined  effeot  of  HS  liquid  and  vapor  from 
sample  data 

From  effects  on  animals 

Results  in  Table  No*  6,  show  ?4,78 %  casualties  based  on 
effeets  of  HS  liquid  and  vapor  present  as  determined  by  samples  and  18# 
based  on  effeets  on  animals. 
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Table  Ho, 6, 

Estimated  Masked  Mm  Casual  tie*  on  Target  on  Exposure 
During  Firing  and  the  following  l^  Minutes  » 

(.Area  £6*06d  sq.yd. )  lay  16.1953 
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Table  Ho,  6*  (Cont’d*) 
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MOTE i  Symbols  used  in  column  7  to  designate  the  nature  of  the  animal 
casualties  are  explained  in  paragraph  6  c. 

(1)  designates  rat  in  cage  on  ground* 

(2)  designated  rat  in  eage  suspended  at  an  elevation  of  18  in* 
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The  impact  area  as  defined  la  paragraph  9,a,(7),(b) 
is  shown  on  Chart  laE  and  tha  20-yd  squares  ineludad  within  its  area 
are  tabulated  in  Table  Ho.  6 A*  On  its  area  of  15,200  sq.yd. ,  there 

were  15  bursts*  Results  show  77.7JJ  estimated  casualties  based  on 
sample  data  and  18*5^  based  on  animal  data. 


Table  Ho.  6 A. 


Estimated  Masked  Man  Casualties  on  Impact  Area  on  Exposure 


no.  at 
eenter 
of  20-yd. 

square 


twithin 
1 20-yd. 
i  square 


i  Estimated > 
i  casualties 


i  c.t. 
lvalue 


ri 


Es 

ted  man  i 
casual- i 

ties  i 


oa 

and  vapor 
'stimated  man 
casualties 


urrom  effects  on 
t  animals 


i  casual - 
t  ties 


Table  No.  6A  (Cont*d.) 
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MOTE i  Symbols  used  in  column  7  to  designate  the  nature  of  the  animal 
casualties  are  explained  in  paragraph  6  c. 

(1)  designates  rat  in  oage  on  ground. 

(2)  designates  rat  in  oage  suspended  at  an  elevation  of  18  in. 


Per  cent  estimated  casualties  based  on  the  oombined 
effects  of  HS  liquid  and  vapor  given  in  Table  Ho.  6A,  are  considerably 
higher  than  corresponding  percentages  based  on  effects  on  animals. 

The  disorepmoy  of  these  two  sets  of  figures  is  partly  aooounted  for  by 
the  fact  that  estimates  based  on  effeots  on  animals  were  very  conserva¬ 
tively  made  and  are  probably  low  whereas,  estimates  baaed  on  HS  vapor 
alone  are  probably  high  for  average  summer  conditions.  Also  in  arriving 
at  per  cent  estimated  man  casualties  based  on  effects  on  animals,  no 
weight  is  given  to  certain  animal  casualties  whioh  individually  are  not 
considered  the  equivalent  of  a  am  casualty.  On  considering  these 
facts,  it  is  probable  that  an  average  of  the  animal  and  sample  data 
is  more  nearly  correct  than  percentage  based  on  either  method  alone 
of  obtaining  data. 
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(g)  Number  of  Shell  Required  to  Produoe  50$ 
ifan  Casualties . 

From  figures  given  in  Table  No*  6A,  it  was  estimated 
that  the  buret  of  13  shell  on  an  area  of  15,200  sq.yd.  would  produoe 
77,7%  oasualties  based  on  a  measurement  of  the  HS  liquid  and  vapor 
present,  and  18,5%  based  on  effects  on  animals,  when  man  is  exposed 
during  the  firing  period  and  following  15  min.  On  this  basis  the 
following  number  of  shell  per  100  yd,sq,  will  be  required  to  produoe 
50$  casualties  when  man  is  proteoted  by  gas  mask  only. 

Based  on  HS  liquid  and  vapor  samples  -  5.5  shell 
Based  on  effeots  on  animals  -  22,9  " 

Average  -  "14.  i  " 

(h)  Rate  of  Fire. 

The  23  shell  used  for  effect  were  fired  in  a  period  of 
18  min.  This  rate  of  fire  wae  too  slow  for  most  effective  results. 

(8)  Conolua ions .  From  the  results  of  the  present 
test,  the  following  conclusions  are  drawn  with  respect  to  the  use  of 
155-jnm.  howitzer  shell  filled  with  HS,  when  fired  under  the  meteoro* 
logical  conditions  existing  at  the  time  of  the  test. 

(a)  The  number  of  shell  required  per  100  yd.sq. 
to  produce  50$  oasualties  when  distributed  as  equally  as  practicable, 
are  as  follows? 


1.  When  man  proteoted  by  gas  mask  and 
standard  impregnated  clothing  Is  exposed  during  the  firing  period  - 
20  shell  (see  p.  17). 


2.  When  man  proteoted  by  gas  mask  only, 
is  exposed  during  the  firing  period  and  following  15  min.  -  about  14 
shell  (see  (7),(g),  above). 

(b)  That  this  test  be  repeated  beoause  of  the  slow 
rate  at  which  the  shell  were  fired  for  effect. 
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TEST  or 


CHART  1 
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J>( »  Test  of  June  IS,  1933* 

(1)  Object*  To  determine  the  effeot  of  meteorological 
conditions  typical  of  spring  on  the  number  of  HS-filled  156-mm.  howitzer 
shell  required  to  produoe  50$  casualties  when  fired  about  1  hr*  before 
sundown  at  personnel  protected  by  gas  mask  only*  who  are  exposed  in  open 
oountry,  for  a  period  of  about  26  min.  including  the  firing  period. 

(2)  Materials  Used*  Thirty-eight  Mil*  155-msu  howitzer 
shell  filled  with  HS*  were  used'  in  the  test. 

(3)  Target*  The  target  was  a  rectangular  area  100  yd. 
wide  by  200  yd*  deep*  located  in  open  country  on  "H"  field  in  the  vioinity 
of  coordinates  690*5*  1863*8*  and  oriented  so  that  the  long  axis  was  in 
line  with  the  direction  of  fire*  It  was  covered  with  grass  and  weeds 
having  a  height  of  about  1  ft.  and  the  soil  was  dry*  The  target  was 
divided  into  10-yd*  squares*  by  placing  numbered  stakes  at  10  yd.  inter¬ 
vals*  Paper  panels  8  in*  square*  were  distributed  over  the  area  by 
placing  one  at  each  stake  position.  On  alternate  20 -yd.  squares*  a 

goat  was  placed  in  a  fox-hole  about  18  in.  deep*  located  at  the  oenter 
of  eaoh  square*  On  intervening  20 -yd.  squares*  a  rat  in  a  cage 
was  suspended  from  a  stake  at  an  elevation  of  18  in*  At  alternate  rat 
positions*  a  oage  containing  a  rat  was  plaoed  under  the  suspended  rat* 

The  target  was  located  at  a  range  of  about  (£00  yd*  from  the  position 
of  the  howitzer's  on  "C"  field*  (see  par*  4)*  Chart  IF*  accompanying 
this  report  shows  the  target  as  it  was  prepared  for  the  test  with  position 
of  animals*  panels  and  vapor  sampling  machines* 

(4)  Firing  of  Shell* 

(a)  Adjustment*  Twelve  shell  were  used*  Regis¬ 
tration  fire  was  directed  at  a  position  about  100  yd*  east  of  the  target. 
Firing  started  at  4s51  p.m.  and  ended  at  5sl5  pja. 

(b)  Fire  for  Effect*  The  howitzers  were  ranged 
in  parallel  for  impact  on  a"  Tine  through  the  short  axis  of  the  target* 
Firing  for  effeot  started  at  6:00  p*m.  and  ended  at  6  til  p*m»*  a  period 
of  11  min*  Twenty-six  shell  were  used* 

A  photostatio  copy  of  a  memorandum  dated  June  50*  1933 
to  Capt*  C.B.  Louche  from  the  Battery  Commander  giving  firing  data  by 
round*  is  attached  to  this  report* 
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(6)  Meteorological  Data, 


(a)  Firing  Period  and  Following  Hour. 


Time 

6t00  to  6  tSl  p.m. 

6t01  to  7tl6  p»m. 

Air  temperature,  °F. 

69 

67 

Ground  temperature,  °F. 

72 

66 

Relative  Humidity,  % 

41 

56 

Wind  velooity,  m.p.h.* 

2.0 

lees  than  1.0 

Wind  direotion 

HE 

HE 

Sky 

dear 

clear 

■"Taken  at  an  elevation  of  6  ft. 

(b)  Flrat  Six  Days  Following  Test. 


J4ie  t  Temp.  ®F. 

liramflraaiusii 
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mWKSL 

mrmt 
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wriim 

wimrAimiimm 

ElOi 

if  — riryiYrr . .  ■ 

ieloudy 

i  cloudy 

rain 

61.7 

0  toloudy  t  7/10 

cloudy 

cloudy 

e/id 

WLimemimimzi 

6  $.6 

1  —1  Mi'll  IIM  I  i  ■ 

K Jism 

clear 

6/19 16/20 182.6 163.4 

65.1 

mmm 

wxsm 

5/10 

wmyjmzBa&Eii 

U,6 

■  — ■iirii'i'M 

mjj&m 

nwzm 

6/2li  i  i 

74.6 

t  6/16  ,  2/10 

clear 

wmmm 

(6)  Results. 

(a)  Impact a. 

The  positions  of  bursts  are  shown  on  Chart  2F.  Of  the 
26  shell  fired  for  effect,  there  were  14  hursts  on  the  target  and  6 
additional  within  40  yd.  of  the  target. 

Of  the  38  shell  fired,  including  the  12  used  for  adjust¬ 
ment,  there  were  a  total  of  7  duds. 

(b)  Liquid  HS. 

The  paper  panels  on  the  target  were  tabulated  for  sice  of 
drops.  Results  are  given  in  the  following  tablet 
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Table  No.  7. 


Number  of  Panels  Showing  HS  Drops  of  0.1  mg.  or  Larger. 


Panel i 

— 

No.  of  HS  drop 

s 

no.  tO.l  to  (Over  0.5 
t0.5  mg. tto  1.0  mg. 

tOrer  1.0 
tto  3.0  mg. 

4  t 

25  t 

5  t 
20  t 

5 

6 

t 

t 

2 

t 

t 

38  t 

10  t 

6 

t 

4 

t 

40  t 

10  i 

4 

t 

t 

47  t 

100  t 

10 

t 

4 

t 

68  i 

t 

1 

t 

t 

78  t 

t 

4 

t 

1 

t 

79  i 

50  t 

4 

t 

» 

89  t 

3  t 

» 

« 

t 

90  » 

20  i 

< 

102  » 

t 

1 

t 

t 

119  : 

3  > 

1 

t 

1 

t 

124  t 

3  i 

1 

t 

1 

t 

126  t 

6  : 

t 

t 

134  t 

10  i 

2 

t 

2 

t 

139  t 

3  t 

t 

2 

t 

150  i 

i 

t 

1 

t 

155  i 

t 

3 

e 

e 

t 

156  t 

2  t 

t 

t 

187  i 

2  t 

t 

t 

Total  panels  on  target  *  231. 


(o)  Estimated  Man  Casualties  from  Liquid  HS. 

1.  Man  Protected  by  Gas  Mask  but  without 
Protection  o it  Impregnated  Clothing. 

The  paper  panels  on  the  target  were  tabulated  for  density 
of  pattern  using  the  gradings  heairy,  medium,  light,  and  trace.  A 
photostat  of  the  scale  used  in  grading  the  panels  is  attached  to  this 
report.  The  panel  gradings  are  tabulated  in  the  following  table,  to¬ 
gether  with  estimated  man  casualties.  The  basis  of  estimated  casualties 
is  explained  in  paragraph  6,_a. 
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Table  No,  3 


Estimated  Man  Casualties  from  HS  Liquid  Based  on 


Panel  Data 


aasrgaB.B233 


From  results  in  Table  No.  7,  a  tabulation  is  given  in 
Table  No.  9  of  panels  showing  HS  drops  of  0.6  mg.  or  larger  together 
with  estimated  casualties  for  man  protected  by  gas  mask  and  standard 
impregnated  clothing.  The  basis  of  estimated  casualties  is  explained 
in  paragraph  6,_a,(2). 

Table  No.  9. 

Estimated  Nan  Casualties  from  HS  Liquid  Based  on  Panel  Data. 


Use  or  HSiNo.  of « Estimated  casualties  for 
drops  ipanels tman  protected  by  gas  mask 
i  land  standard  impregnated 

i  i  clothing 


mg.  t 
One  drop  t 
or  more  be¬ 
tween  0.5  t 
and  1.0  but 
with  no  t 
drop  ex-  i 
oeeding  1.0i 
One  drop  i 
or  more  i 
exceeding  i 

1.0  i 

Total  T 


iPer  panel 
t  40 


target  area  % 
0.9 
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(d)  Estimated  Man  Casualties  from  HS  Vapor. 

Vapor  samples  were  taken  at  positions  shown  on  Chart  IF* 
In  Tables  10,  10A,  11  and  11A,  which  follow,  the  vapor  concentration, 
o,t.  value,  and  per  cent  estimated  casualties  from  HS  vap<r  ,  for  man 
protected  by  gas  mask  only,  are  given  for  each  sampling  position* 

The  basis  of  estimated  casualties  is  explained  in  paragraph  6  b. 

1*  Firing  and  Following  20  Minutes, 


Table  Ho*  10, 


Estimated  Masked  Man  Casualties  on  the  Target  from  HS  Vapor* 


Sampling  i Elevation 
position i  of 

t  sample 

JVo'i.  of'i  HS 
tair  saa-«ampled 
i  pled  t 

t  Vapor  i  o.-fe. 
tooncn* ivalue 

i  i  ♦ 

•Estimated  man  casualties 
if or  man  protected  by  gas 
imask  only 

< 

ft. 

t  liters} 

mg. 

mg.  A. » 

t 

C  i 

1 

i  842  < 

11.4 

t 

.01361.54 

1 

100 

F  i 

1 

«  802  < 

35.3 

i 

•0440tl*10 

t 

100 

0  t 

0 

t  842  t 

5.4 

t 

.0064 i  .16 

t 

100 

J  t 

0 

t  884  t 

63.8 

i 

.0720il*81 

1 

100 

K  i 

1 

<  434  t 

11*6 

« 

*0268t  .67 

t 

100 

N  t 

1 

*  884  i 

4.0 

i 

.0046 1  .11 

t 

100 

0  * 

0 

<  884  i 

10.7 

t 

.0124 t  .31 

1 

100 

R  i 

0 

i  884  < 

0.6 

t 

.0007*  .02 

1 

30 

S  i 

1 

i  884  t 

0.4 

.0005 1  .01 

t 

11 

IT. - 557F 


♦Based  on  a  time  period  of  25  min*  (l/2  firing  period  plus  20  min.)* 


Appendix  F 


-  29 


Table  So.  10A. 


Betlaated  Masked  Man  Casualties  from  HS  Vapor  Outaide  of  the  Target. 


Sampling 

Elevation 

iVol.  of 

HS 

(Vapor  t 

o.t. (Estimated  man  casualties  for 

position 

of 

tair  b an- 

sampledt 

oonen. ivalue  man  protected  by  gas  mask 

sample 

! 

t 

! 

only 

'  ft. 

i  liters 

mg. 

aag./l. t 

! 

% 

D 

0 

t  421 

0 

! 

! 

! 

0 

D 

1 

t  421 

0 

i 

! 

1 

0 

D 

2 

t  421 

0 

1 

t 

: 

0 

D 

4 

i  421 

0 

1 

! 

t 

0 

£ 

0 

(5#  £ 

.01  ! 

- n - 

1 

i  401 

1*0 

I 

.0025 1 

.06  i 

66 

2 

t  401 

0.4 

1 

.0010 i 

.03  t 

42 

4 

«  401 

2*2 

! 

.0066 i 

•  14  t 

100 

H 

0 

"»  its 

1.2 

t 

.07  « 

T3 

1 

i  422 

0.4 

! 

.0010 i 

.02  i 

30 

2 

«  422 

0,4 

! 

.0010 i 

.02  i 

30 

4 

i  422 

0*4 

! 

.0010 i 

.02  i 

30 

I 

0 

i  442 

STiT 

t 

•02  t 

30 

1 

t  442 

l.i 

! 

.0025 i 

•06  i 

66 

2 

t  442 

0.2 

t 

•0004t 

.01  t 

11 

4 

i  442 

0.4 

! 

.0010 i 

.03  i 

41 

I-" 

0 

«  434 

0 

! 

! 

0  ! 

6 

1 

t  434 

0 

I 

! 

0  ! 

0 

2 

:  434 

0 

! 

! 

0  1 

0 

4 

t  434 

0 

! 

! 

0  i 

0 

"""  M-"" 

0 

i  442 

0 

t 

I 

6  * 

6  ' '  "  . 

1 

t  442 

0 

! 

I 

0  i 

0 

2 

t  442 

0 

1 

!  1 

o  . 

0 

4 

t  442 

lost 

_l_ 

dost  t 

0 

p 

0 

t  434 

0 

I 

! 

O  f 

6 

X 

t  434 

0 

! 

! 

0  ! 

0 

2 

t  434 

0 

! 

! 

0  1 

0 

4 

t  434 

0 

_!_ 

! 

0  1 

0 

0 

lost 

1 

tflOSt  l 

m 

1 

i  442  t 

0 

! 

! 

0  ! 

0 

2 

«  442  1 

0 

« 

» 

0  I 

0 

4 

t  442  i 

.2 

.0004 « 

.02  1 

30 

6 

6 

! 

! 

6  ! 

6 

l 

t  442  i 

0 

I 

! 

0  ! 

0 

2 

i  442  j 

0 

! 

I 

0  | 

0 

4 

i  442  t 

0 

! 

0  ! 

0 
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2o  From  the  50th  to  66th  Minute  after  Firing, 


Table  Ho.  11. 


Estimated  Masked  Man  HS  Vapor  Casualties  on  the  Tar get o 


Sampling 

position 


loIT o?" 

air  sam- 


“T5 — 

sampled 


Vapor 

oonen. 


Estimated  nan  casualties 
for  man  protected  by 


Elevation 

of 


b.t. 

value 


t  sample 

1 

t 

t  t 

sgas 

mask  only 

c 

«  A. 

i  1 

t  liters 

t  1180 

t  mg. 
t  15.7 

tmg./l.  t 
t  .0153 i 

•47 

s 

s 

'  % 

100 

F 

i  1 

t  570 

t  10.0 

t  .0175i 

•61 

s 

100 

6 

t  0 

i  1180 

t  2.2 

t  .0019 t 

.06 

s 

66 

J 

t  0 

t  1234 

t  12.9 

t  • 0106s 

.37 

s 

100 

E 

t  1 

t  1216 

s  12.5 

t  .0103s 

.36 

s 

100 

H 

«  1 

t  1234 

t  1.6 

s  .0013s 

.05 

s 

59 

0 

«  0 

t  1216 

i  5»2 

s  .0043s 

.15 

s 

100 

R 

i  0 

t  1234 

t  0.0 

s  0  s 

0 

s 

0 

S 

1  1 

t  1234 

t  0.0 

s  0  s 

0 

s 

0 

At.  6S.4 


Table  Ho,  11A. 

Estimated  Masked  Man  HS  Vapor  Casualties  Outside  the  Target* 


D 

s 

o — 

s 

0 

— “ 

0  s 

5 

s 

1 

s  590 

s 

0.4 

•0007s 

.02  s 

30 

s 

2 

s  590 

s 

1.0 

•0017s 

.06  s 

66 

s 

4 

s  590 

s 

0 

0  s 

0  s 

0 

H 

s 

0 

s  590 

s 

0 

0  s 

0  s 

0 

s 

1 

s  590 

s 

0 

0  s 

0  s 

0 

s 

2 

s  590 

t 

0 

0  s 

0  s 

0 

s 

4 

s  590 

s 

0 

0  s 

0  s 

0 

L 

s 

6 

s  608 

s 

6 

6  '« 

0  s 

0 

s 

1 

s  608 

s 

0 

0  s 

0  s 

0 

t 

2 

s  608 

s 

0 

0  s 

0  s 

0 

s 

4 

s  608 

s 

0 

0  s 

0  s 

0 

P 

s 

0 

1  668 

s 

'6 . 

0  s 

0  s 

'  6 . 

s 

1 

s  608 

s 

0 

0  s 

0  s 

0 

s 

2 

s  608 

s 

0 

0  s 

0  s 

0 

s 

4 

s  608 

s 

0 

0  s 

0  s 

0 
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Table  Ho.  11A  (Cont’d. ) 


Sampling 

position 

t Elevation 
t  of 

t  sample 

iVol.  of 
tair  sam- 

» 

HS 

sampled 

tVapor  t 
toon on. t 

t  i 

o.t.  (Estimated  man  casualties 
value  tf or  man  protected  by  gas 
t  mask  only 

*  ft. 

t  liters 

img./l.  t 

t 

% 

T 

i  0 

t  617 

0 

t  0  « 

0  t 

0 

t  1 

«  617 

0 

t  0  t 

0  t 

0 

t  2 

«  617 

0 

«  0  « 

0  « 

0 

t  4 

t  617 

0 

«  0  t 

0  « 

0 

" '  '  1  ’ 

t  0 

oTT 

Kun 

11 

«  1 

t  662  « 

1.4 

i  .0026i 

•09  t 

87 

<  2 

i  562  t 

0.6 

«  .0010 i 

•03  « 

42 

«  4 

t  662  « 

3.2 

«  .0056 i 

•20  < 

100 

I 

<  0 

i  .0008i 

Rm 

it 

<  1 

<  616  i 

1.5 

t  .0026 1 

•09  t 

87 

t  2 

t  618  i 

0.2 

t  .0004t 

.01  « 

11 

<  4 

t  618  i 

0.6 

t  .0010 » 

•04  « 

61 

M 

«  6 

6 

t  6  « 

0  t 

0 

t  l 

t  618  i 

0 

t  0  « 

0  t 

0 

«  2 

«  618  t 

0 

t  0  t 

0  t 

0 

«  4 

t  618  t 

106t 

t  0  t 

0  t 

0 

Q 

*  0 

nfKMiHT 

wmrrv 

t  0  t 

0  t 

« 

«  1 

t  618  t 

0 

<  0  t 

0  t 

0 

i  2 

t  618  « 

0 

t  0  « 

0  t 

0 

«  4 

i  618  « 

0.2 

t  .0004 i 

•01  « 

11 

(e)  Estimated  Man  Casualties  Baaed  on  Effects 
on  Animals. . ’ 


Animals  consisting  of  goats  and  rats  were  plaoed  on  the 
target  at  positions  shown  on  Chart  IF*  Animal  casualties  and  estimated 
man  casualties,  for  man  protected  by  gas  mask  only,  are  given  in  Tables 
No.  12A,  12B,  and  12C.  Animal  casualties  and  estimated  man  casualties, 
based  on  effeots  on  animals,  are  shown  on  Charts  6F  and  6F.  The  basis 
of  estimated  casualties  and  the  symbols  used  to  designate  the  nature 
of  the  animal  casualties  on  the  charts  and  in  the  tables  are  explained 
in  paragraph  6  c. 
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1*  Firing  Period  and  Following  20  Minute a 


Table  Mo,  12A. 

Estimated  Masked  Man  Caeualtiea  Based  on  Effects  on 
Rais  Suspended  at  an  Elevation  of  18  ini 


Position!  Hat u re 

(Severity  (Estimated  man 

of 

! 

of 

!  Of  ( 

casualties 

stake 

(casualty : casualty t 

! 

(  ( 

£ 

17 

t 

h 

(  MC  ( 

100 

Idi 

« 

6 

(Death  in( 

I5o 

t 

(  4  days  t 

l45 

« 

s 

(Death  in( 

loo 

« 

(  6  days  ( 

— IiT“ 

I 

if 

(  ( 

100 

Total  estimated  nan  casualty  positions-  4 
Total  rats  suspended  in  cages  -  26 
Estimated  man  casualties  on  the  target 

based  on  rats  suspended  in  oages  -  16$ 


Table  Ho,  12 B. 

Estimated  Masked  Man  Casualties  Based  on  Effects  on 
Hats  In  Cages  on  Ground 


17 

( 

H 

( 

LC 

( 

0 

37 

( 

S 

! 

LC 

( 

100 

61 

( 

s2 

( 

MC 

( 

100 

126 

( 

s2 

( 

MC 

! 

100 

Total  estimated  man  casualty  positions  -  3 
Total  rats  in  cages  on  ground  -  13 
Estimated  man  casualties  on  the  target 
based  on  rats  in  cages  on  ground  -  23$ 
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Table  No.  12C 


Estimated  Masked  Man  Casual ties  Based  on  Effects  on  Goats. 


Position 

of 

stake 

t  Nature 

I  of 
(casualty 

(Severity (Estimated  man  oas- 
i  of  *  ualties 
i casualty i 
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l  s3  r 
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i  SC  t 
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- gy — 

i  s 

i  LC  i 

0 

t  ERS 

(Death  in* 

*  6  days  * 

16o 

t  E 

0 

!  ER 

(  sc  * 

o . 

127 

H  UT" 

(  SC  ( 

6 

. 181  ' 

7  5c  r 

166 

mium 

i  R 

*  LC  * 

0 

161 

*  Mi  " 

7  S3  r 

6 

167 

i  Eft 

*  MC  * 

6 

176 

i  ER 

7  sc  r 

0 

Total  estimated  man  casualty  positions  -  6 
Total  goats  exposed  -  25 
Estimated  man  casualties  based  on  goats 
exposed  -  24$. 


21.  Second  end  Fifth  Day  After  Firing. 

Two  goats  were  exposed  in  shell  oraters  near  stake 
numbers  78  and  79  for  a  period  of  24  hr.  on  the  2nd  day  after  firing 
and  two  additional  on  the  5th  day  after  firing.  The  following  results 
were  obtained! 
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2nd  Day  After  Firing 


Stake  Ho. 

fe - 

79 


Nature  of  Casualty 
severe  (SgR) 


Stake  Ho 

“78 - 

79 


5th  Day  After  Firing 

•  Nature  of  Casualty 

N 

medium  (Sg) 


(7)  Discussion. 

(a)  Shell  Distribution.  The  positions  of 
impacts  on  and  around  the  target  are  shown  on  Chart  2F.  There  were 
14  normal  bursts  on  the  target  and  four  within  the  first  30  yd.  north 
of  the  target  idiich  were  partly  effective  in  the  target.  It  is 
estimated  that  the  effects  of  these  four  shell  north  of  the  target 
were  equivalent  to  the  burst  of  one  shell  directly  on  the  target  so 
that  total  shell  effects  on  the  target  were  equivalent  to  the  burst 
of  15  shell. 


(b)  Impact  Area.  For  purposes  of  study,  the 
impact  area  will  be  considered  as  having  a  size  160  yd.  by  100  yd.  and 
to  consist  of  that  part  of  the  target  north  of  a  line  parallel  with  the  short 
axis  of  the  area  passing  through  the  position  of  stake  177.  The  impact 
area  is  shown  on  Chart  2F. 

(o)  Estimated  Man  Casualties  from  Liquid  HS. 

JL.  Effects  of  Meteorological  Conditions. 

The  wind  velocity  during  firing  was  2.0  m.p.h.  This 
velooity  was  too  low  to  influence  appreciably  the  drift  of  BS  drops 
of  a  size  in  exoess  of  0.5  mg.  but  fine  HS  mist,  which  prodmoes  a 
pattern  corresponding  to  traoe  in  the  pattern  scale  used,  may  be  carried 
25  yd.  or  more  from  the  position  of  burst. 

2 .  Man  Protected  by  fya  Mask  but  Without 

*”  Projection  of  Impregnated  Clothing. 

It  is  estimated  from  results  given  in  the  third  column 
of  Table  No.  13,  which  are  based  on  panel  data,  that  personnel  provided 
with  gas  mask  protection  only,  who  are  exposed  with  equal  distribution 
on  the  target  during  firing  will  experience  about  76.7%  casualties  from 
liquid  HS.  Effects  on  the  target  were  due  to  the  buret  of  16  shell 
as  discussed  in  paragraph  2,b,(7),(a),  above. 
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3*  Man  Protected  by  G*s  Mask  and  Standard 
impregnated  Clothing^ 

From  results  in  Table  No.  9,  it  is  estimated  that  personnel 
protected  by  gas  mask  and  standard  impregnated  do  thing,  would  experience 
about  6.2$  casualties  from  effects  of  liquid  HS  if  exposed  with  equal 
distribution  on  the  target  during  the  firing  period* 

Results  on  the  target,  which  represented  an  area  of 
20,000  sq.yd.,  was  due  to  the  burst  of  16  shell.  On  this  basis  it 
will  require  72  shell  per  100  yd.  sq.  to  produce  50$  casualties,  when 
man  is  protected  by  gas  mask  and  standard  impregnated  clothing. 

(d)  Effects  of  HS  Vapor. 

1.  Effect  of  Meteorological  Conditions  on  the 
gtf  eci'lVen'e'ss  g  VaporT 

In  the  present  test,  the  air  temperature  was  69°F.  and 
wind  velocity  2  m.p.h.  The  wind  velocity  was  favorable  to  ta41d  up 
a  high  vapor  concentration  as  the  wind  travel  was  only  about  60  yd.  per 
minute.  The  air  temperature  was  unfavorable  however,  as  the  vapor 
pressure  of  HS  at  69°F.  is  only  0.65  mm./Hg  which  is  less  than  one  half 
the  vapor  pressure  at  a  temperature  of  86°F.  which  is  a  temperature 
representative  of  summer  conditions  at  Edgewood  Arsenal. 

2, .  Firing  Period  and  Following  20  Minutes. 

^a)  On  Target. 

Results  of  vapor  samples  taken  at  9  sampling  positions  on 
the  target  are  given  in  Table  No.  10  for  the  firing  period  and  following 
20  min.  The  vapor  concentration  for  each  20-yd.  sq.  of  the  target  was 
figured  from  results  in  this  table  taking  into  consideration  the  positions 
of  nearest  impacts  and  wind  direction.  The  results  of  these  calculations 
are  given  in  the  fifth  column  of  Table  No.  13.  From  the  average  of  the 
figures  in  the  fifth  column,  it  is  estimated  that  personnel  with  gas  mask 
protection  only,  would  experience  about  88,1$  casualties  if  exposed 
on  the  target  during  firing  and  the  following  20  min. 

Per  cent  estimated  casualties  from  effects  of  HS  vapor  is 
shown  graphically  on  Chart  3F.  The  shaded  area  on  the  ohart  represents 
that  part  of  the  target  on  whioh  it  is  estimated  100$  casualties  would  be 
produced  by  effects  of  HS  vapor  when  man  ia  protected  by  gas  mask  onljr. 


Appendix  F 


36 


(b)  Outside  of  Target. 


Estimated  casualties  at  sampling  positions  30  yd. 
downwind  from  the  target  are  given  in  Table  Ho.  10A  for  the  firing 
period  and  following  20  min.  Only  two  position,  E  and  I  showed  the 
presence  of  HS  and  at  these  positions  estimated  casualties  varied 
from  11  to  100  per  cent.  These  positions  are  located  directly 
downwind  from  the  impacts  on  the  target.  The  results  given  in 

Table  No.  10A  show  that  personnel  protected  by  gas  mask  only,  exposed 
about  30  yd.  downwind  from  the  impact  position  during  the  firing 
period  and  following  20  min.,  would  experience  some  casualties. 

j5.  From  the  30th  to  66th  Minute  After  Firing, 
(a)  On  the  Target. 

From  results  of  vapor  samples  given  in  Table  No.  11,  it 
is  estimated  that  man  protected  by  gas  mask  only  would  experience  about 
69.4$  casualties  from  effects  of  HS  vapor  if  exposed  on  the  impact  area 
from  the  30th  to  65th  min.  after  firing.  This  estimate  is  based  on 
average  results  of  vapor  samples  taken  at  9  positions  distributed  over 
the  target. 


Estimated  casualties  from  the  effects  of  HS  vapor  on 
exposure  with  protection  of  gas  mask  only  on  the  target,  for  the 
period  between  the  30th  and  65th  min.  after  firing,  is  shown  graphically 
on  Chart  SaF. 

(b)  Outside  of  Target. 

Estimated  vapor  casualties  are  given  in  Table  No.  11A, 
based  on  results  at  sampling  positions  30  yd.  downwind.  From  the 
results  obtained,  it  is  estimated  that  personnel  protected  by  gee  mask 
only,  would  experience  from  11  to  100  per  oent  casualties  if  exposed 
30  yd.  downwind  from  the  impact  position  during  the  period  from  the 
30th  to  the  65th  minute  after  firing. 

(e)  Estimated  Masked  Man  Casualties  Based 
on  Effects  on  Animals. 


JL.  Firing  Period  and  Following  20  Minutes 

Animal  casualties  and  estimated  man  easualties,  based  on 
effects  on  animals,  are  given  in  Tables  No.  12A,  12B,  and  12C  representing 
exposure  on  the  target  during  firing  and  the  following  20  min.  Results 
in  these  three  tables  are  consolidated  in  the  last  two  columns  of  Table 
No*  13.  From  the  consolidated  results,  it  is  estimated  from  animal 
casualties,  that  personnel  protected  by  gas  mask  only,  would  experience 
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2&%  casualties  if  exposed  on  the  target  during  firing  and  the  following 
20  min*  In  arriving  at  per  oent  estimated  man  casualties  on  the  target 
from  animal  casualties,  no  weight  was  given  to  animal  casualties  which 
individually  was  not  considered  the  equivalent  of  a  man  casualty, 

2.  Persistence  of  HS  on  Impact  Area, 

Results  given  in  Paragraph  9,b,(6),(e)^2  show  one  animal 
casualty  out  of  two  animals  exposed  in  shell  oraters  for  a  period  of 
24  hr.  on  the  2nd  day  after  firing  and  one  out  of  two  exposed  on  the  5th 
day  after  firing.  These  results  show  that  casualties  would  probably 
result  if  the  impact  area  was  occupied  ty  personnel  within  5  days  after 
firing,  for  a  period  of  24  hr.  or  less,  unless  they  were  protected  by 
gas  mask  and  impregnated  clothing. 

(f )  Comparison  of  Per  Sent  Estimated  Man 

Casualties  B mml  on  Measurements  cf ~ 
the  Gas  Concentration  and  by  Effeots 
on  Animals  for  km  Projected  by  Gas 
ttask  Only. - -  - * - 

A*  On  Target  (100  yd.  by  200  yd.). 

In  Table  No.  13  estimated  sum  casualties  are  given  for 
each  20  yd.sq.,  representing  an  animal  position  based  ont 

HS  liquid  as  determined  by  panel  data 
HS  vapor  as  determined  by  vapor  samples 
Combined  effeot  of  HS  liquid  and  vapor  from  sample  data 
From  effeots  on  animals 
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Table  No.  13. 


Estimated  Masked  Man  Caaualtie»  on  Target  on  Exposure 
Curiae  firing  and  the  Following  20  Min. 

(Area  20,000  sq.yd,  )'  June  15,1833, 
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Table  Ho.  13  (Cont'd.) 
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20-yd o  t  casualties 
square  t 

i 

t 

iFrom  HS  vapor tFrom  HS  liquid 

t  o.t. t  t  and  vapor 

lvalue lEstima-iEstimated  man 
t  sted  man  t  casualties 

t  t casual- t 

t  i  ties  t 

fFrom  effects 
ton  animals 
t  Animal  t Estima¬ 
tes  sual-  t ted  man 
t  ties  tcasual- 

t  t  ties 

t 

* 

t  i 

MM 

* 

t 

% 

125 

0  t 

i 

91 

i  l.OOi 

i  t 

100  i 

I 

100 

tSg  med. 

*  (1) 

100 

127 

1  < 

80 

i  #60 1 
t  t 

100  1 

t 

100 

tER 

t  severe 

0 

129 

2  < 

78 

t  #60 1 

100  t 

100 

t  0 

0 

131 

0  t 

t 

78 

i  #80 1 
i  t 

100  1 
t 

100 

tERS 

t  severe 

100 

145 

0  t 

84 

i  .30 « 

100  1 

100 

tS  death 

100 

147 

0  t 

91 

t  #30 1 

100  « 

100 

tR  light 

0 

149 

1  i 

t 

80 

i  #30 1 

t  < 

100  1 

I 

100 

tKF  death 
*  (2) 

100 

161 

0(  i 

78 

i  #30 1 

100  t 

100 

tER  med. 

0 

153 

0  i 

64 

<  «30t 

100  t 

100 

t  0 

0 

167 

0  i 

89 

t  .lit 

100  t 

100 

tER  med. 

0 

169 

0  i 

93 

i  .lit 

100  1 

100 

t  0 

0 

171 

0  t 

80 

t  .lit 

100  i 

100 

t  0 

0 

173 

0  i 

75 

t  #31 1 

100  i 

100 

t  0 

0 

175 

1  t 

73 

i  #30 1 

100  i 

100 

tER  med. 

0 

189 

0  t 

93 

t  #06 1 

66  t 

97 

t  0 

0 

191 

0  t 

89 

t  #06 1 

66  t 

96 

t  0 

0 

195 

0  < 

87 

t  #06 1 

66  t 

96 

t  o 

0 

196 

0  t 

71 

t  #06 1 

66  t 

90 

t  0 

0 

197 

0  t 

87 

t  #03 1 

42  t 

92 

t  0 

0 

211 

0  * 

82 

t  .02 1 

50  t 

87 

t  0 

0 

213 

0  t 

71 

t  #02 1 

30  t 

80 

t  0 

0 

215 

0  3 

73 

t  .02 1 

30  t 

81 

t  o 

0 

217 

0  t 

73 

t  #01 1 

12  t 

76 

t  0 

0 

219 

0  I 

73 

t  .01 1 

12  t 

76 

t  0 

0 

total  and 
average 

15 — r 
1 

- TZ71 — 

I  i 

I  i 

d8.lt 

t 

5775 

t 

: 

26 

NOTE*  Symbols  used  in  column  7  to  designate  the  nature  of  the  animal 
casualties  are  explained  in  paragraph  6  _e. 

(1)  designates  rat  in  oage  on  ground. 

(2)  designates  rat  in  cage  suspended  at  an  elevation  of  18  in. 
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Results  in  Table  Ho*  13  show  97.2%  estimated  casualties 
based  on  HS  liquid  and  vapor  samples  and  26%  based  on  effeots  on  animals. 

2, .  On  Impaot  Area  (100  yd.  by  160  yd.) 

The  Impaot  area  as  defined  in  paragraph  9,b,(7),(b) 
is  100  yd.  wide  by  160  yd.  long.  It  includes  that  part  of  the  target 
north  of  a  line  parallel  with  its  short  axis  passing  through  a  point 
40  yd.  north  of  the  south  side  of  the  target.  It  inoludes  the  data 
in  Table  No.  13  exclusive  of  results  on  20  yd.  squares  represented  by 
stake  numbers  189  to  219  inclusive.  A  summary  of  data  on  the  impaot 
area  is  given  below i 

Total  number  of  effective  bursts  -  15 
Estimated  casualties  based  on  HS  liquid  -  74.7% 

Estimated  casualties  based  on  HS  vapor  -  99.6% 

Estimated  casualties  based  on  HS  vapor  and  Hs  liquid  -  99.7% 
Estimated  casualties  based  on  animals  *•  32*5% 

(g)  Number  of  Shell  Required  to  Produce  50%  Man 
Casualties. 

From  data  given  in  the  preceding  paragraph  it  was  estimated 
that  the  burst  of  15  shell  on  an  area  of  16,000  sq.yd.  would  produce  99.7% 
casualties  based  on  measurement  of  HS  liquid  and  vapor  present  and  32.5% 
based  on  effeots  on  animals,  when  personnel  protected  by  gas  mask  only, 
are  exposed  on  the  impact  area  during  firing  and  the  following  20  min. 

On  this  basis  the  following  number  of  shell  per  100  yd.sq.  are  required 
to  produce  50%  casualties  when  sum  is  protected  by  gas  mask  only. 

Based  on  HS  liquid  and  vapor  samples  -  4.8  shell 
Eased  on  effeots  on  animals  -  14,5  shell 

Average  9.7  shell 

(8)  Conclusions.  From  the  results  of  the  present  test, 
the  following  conclusions  are  drawn  with  respect  to  the  use  of  155-^nm. 
howitzer  shell  filled  with  HS,  when  fired  under  the  meteorological 
conditions  existing  at  the  time  of  the  test. 

(a)  The  number  of  shell  required  per  100  yd.sq. 
to  produce  50%  casualties  when  distributed  as  equally  as  practicable, 
are  as  follows t 


1,  When  man  protected  by  gas  mask  and  standard 
impregnated  clothing  is  exp'osed  during  the  firing  period  -  72  shell  (see 
p.  36), 
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2.  When  man  proteoted  by  gas  mask  only 
Is  exposed  during  the  firing  period  and  following  20  min.  -  about 
10  shell  (see  p.  41). 

(b)  That  a  test  be  conducted  with  the  target 
located  in  woods.  Instead  of  open  oountry,  to  determine  the  effects  of 
terrain  on  the  number  of  shell  required  for  effective  results. 

j».  Test  of  July  6,  1933. 

(1)  Object.  To  determine  the  number  of  HS  filled  155-emu 
howitzer  shell  required  no  produee  50^  casualties  when  fired  about  1  hr. 
before  sunset  at  personnel  proteoted  by  gas  mask  only,  who  are  looated 

in  wooded  country  and  are  exposed  on  the  impaot  area  for  a  period  of 
25  min.  including  the  firing  period. 

(2)  Materials  Peed.  Forty  Mil,  155 -uni*  howitzer  shell 
filled  with  HS,  were  used  in  the  tlest.  The  history  of  these  shell 

and  the  type  of  fuze  and  booster  used  are  given  in  paragraph  4. 

(3)  Target.  The  target  was  a  rectangular  area  100  yd. 
by  200  yd.  deep,  located  in  wooded  oountiy  on  "H1*  field  in  the  vicinity 
of  coordinates  690.8,  1863.7,  with  its  long  axis  oriented  in  line  with 
the  direction  of  fire*  The  target  was  covered  with  large  trees  about 
100  ft.  tall,  with  very  little  undergrowth  and  the  soil  was  moist  due  to 
a  heavy  rain  four  days  previous.  The  target  was  divided  into  10  yd. 
squares  by  plaoing  numbered  stakes  at  10  yd.  intervals.  Paper  panels 

8  in.  square  were  distributed  over  the  area  by  placing  one  at  each 
stake  position.  On  alternate  20»yd.  squares,  a  goat  was  placed  in  a 
fox-hole  about  18  in.  deep,  looated  at  its  oenter.  On  intervening 
20-yd.  squares,  a  rat  in  a  oage  was  suspended  from  a  stake  at  an 
elevation  of  18  in.  At  alternate  rat  positions,  a  oage  containing  a 
rat  was  placed  under  the  suspended  rat.  The  target  was  located  at  a 
range  of  about  5,400  yd.  from  the  position  of  the  howitzers  on  "C" 
field  (see  paragraph  4). 

Chart  1G,  accompanying  this  report  shows  the  target  as  it 
was  prepared  for  the  test  with  position  of  animals,  panels  and  sampling 
machines. 
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(4)  FI rlag  of  Shell, 


(a)  Adjustment,  Seventeen  shell  were  used. 
Registration  fire  was  directed  at  a  position  about  200  yd,  east  of  the 
target.  Firing  started  at  4:69  p.m.  and  ended  at  5:27  p.m, 

(b)  Firing  for  Effect,  The  howitzers  were  ranged 
in  parallel  for  iapaot  on  a  line  Through  the  short  axis  of  the  target. 
Firing  started  at  6*10  p.m.  and  ended  at  6tl7  p.m.,  a  period  of  7  ain. 
Twenty-three  shell  were  used, 

A  photostatic  oopy  of  a  Memorandum  dated  July  12,  1933 
to  Capt,  C.E.  Louolca,  from  the  Battery  Commander  giving  firing  data 
by  round,  is  attaohed  to  this  report, 

(6)  Meteorological  Conditions. 

The  following  is  a  reoord  of  meteoiriogical  conditions t 
(a)  Fixing  and  the  Hour  Following, 


Time  6  tlO  p.m.  7:00  p,m. 

Air  temperature,  °F.  83  80 

Qround  temperature,  °F.  79  77 

Relative  humidity,  %  45  47 

Wind  ^velocity  nup.h, 

(on  open  area  near  target)*  4,0  3,0 

Wind  velocity  nup.h,  (on  target)*  too  low  to  turn  vane  anemometer 
Wind  direction  SW  SW 

Sky  dear  clear 


*Taken  at  an  elevation  of  6  ft. 


Appendix  E 


43  - 


(b)  During  First  Eight  Days  Following  Test« 


Date  t  Temp* 

°F. 

t Rainfall 

tWindt 

Front  To  tMax*  tMin*  t 
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(6)  Result a. 


(a)  Impaota* 

The  positions  of  impacts  are  shown  on  Chart  G2.  There 
were  20  impa ots  accounted  for  in  and  around  the  target  of  whioh  8  were 
bursts  on  the  target* 

Of  the  40  shell  fired  inoluding  the  17  used  for  adjustment, 
there  were  8  duds* 


(b)  Site  of  HS  Drops* 

The  distribution  and  site  of  HS  drops  were  registered  by 
paper  panels  6  in*  square  placed  at  10  yd.  intervals  over  the  target 
(see  paragraph  6Aa)«  Panels  showing  HS  drops  of  0*1  mg*  or  latger  are 
tabulated  in  the  Tollowing  tablet 
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Table  No.  14 
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(c)  -Estimated  Man  Casualties  from  Liquid  HS. 


1*  Man  Protected  by  Mask  but  without 
~  Protection  of  Impregnated  Clothing* 

The  paper  panels  on  the  target  were  tabulated  for  density 
of  pattern  using  the  pattern  scale  attached  to  this  report.  Results 
are  tabulated  in  the  following  tables  together  with  estimated  man 
casualties.  The  basis  of  estimated  casualties  is  explained  in  paragraph 
6  .a. 


Table  No.  15. 


Estimated  Man  Casualties  from  HS  Liquid  Based  on  Panel  Data. 


Pattern 

•Panels  classified « Estimated  casualties 
t  No.  tPer  cent  of if or  man  protected  by 
i  •  total  on  tgas  mask  only 

i  i  target  t 

t 

t 

I 

% 

HeaTy 

17 

t 

7.4 

t 

7.4 

Medium 

12 

t 

5.2 

t 

6.2 

Light 

18 

< 

7.8 

1 

6.2 

Traoe 

19 

t 

8.2 

t 

4.9 

No  HS 

165 

t 

71.4 

t 

Total 

231 

io6.o 

> 

20 - 

2 .  Man  Protected  by  Gas  Mask  and  Standard 
Impregnated  dlo  thing. 

From  results  in  Table  No.  14.  a  tabulation  is  giren  in 
Table  No.  16  of  panels  showing  HS  drops  of  0.5  mg.  oof  larger,  together 
with  estimated  casualties  for  man  protected  by  gas  mask  and  standard 
impregnated  clothing.  The  basis  of  estimated  casualties  is  explained 
in  paragraph  6, a. (2). 
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Table  No.  16 


Estimated  Man  Casualties  from  HS  Liquid  Baaed  on  Panel  Data. 


Site  of  HS  drops (No.  of 

(Estimated  casualties  for 

tpanels 

t 

i 

(man  protected  by  gas  mask 
(and  standard  impregnated 
(  clothing 

mg.  i 
One  drop  or  moret 
between  0,6  to  t 

17 

(per  panel  ^(target  area  % 

(  40  t  3.0 

(  ( 

1.0  but  with  no  t 

(  ( 

drop  exceeding  t 

1.0  i 

(  ( 

:  ( 

One  drop  or  moret 
exoeeding  1.0  i 

",  ^ 

7  loo  — 

(  ( 

6.2 

fotai  — r 

29 

(  ( 

8.2 

Total  panels  on  target  -  231. 


(d)  Batina  ted  Man  Caaualtiea  from  HS  Vapor. 

Vapor  samples  were  taken  at  poaitiona  ahowa  on  Chart  IQ 
In  Tablea  17.  17Ar  16  and  18A  whioh  follow,  the  vapor  concentration, 
o.t.  value  and  per  oent  estimated  casualties  from  Hs  vapor  for  man 
protected  by  gas  mask  only,  are  given  for  eaoh  sampling  position. 

The  basis  of  estimated  casualties  is  explained  in  paragraph  6.b. 
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_1.  Firing  Period  and  Following  22  Minutes. 
Table  Mo.  17. 


Estimated  HS  Vapor  Casualties  on  Target* 


Smpling  {Elevation  :Vol.  of 
position!  of  tair  sam- 

t  ample  i  pled 

HS 

sampled 

t  Vapor 
looncn. 

! 

c.t* 

value 

♦ 

{Estimated  casualties 
tfor  man  proteoted  by 
«  gas  mask  only 

i 

ft. 

1 

liters 

■€• 

mg./l. 

i  % 

F  i 

0 

1 

828 

2.4 

.0029 

.07 

:  73 

G  i 

1 

! 

884 

12.5 

.0142 

.56 

i  100 

J  ! 

0 

i 

894 

2.0 

.0022 

.05 

t  58 

K  ! 

1 

1 

922 

11.2  ! 

.0121 

.30 

t  100 

N  ! 

0 

i 

884 

0.8 

.0009 

.02 

i  SO 

0  I 

1 

1 

894 

12.9 

.0144 

.26 

1  100 

R  t 

0 

i 

868 

0.4 

.0005 

.01 

!  11 

S  i 

0 

1 

842 

18,9 

.0224 

.56 

i  100 

Tvl  73TB 


♦Based  on  a  time  period  of  25  min.  (l/2  firing  period  plus  22  min»). 


Table  No.  17A. 

Estimated  HS  Vapor  Casualties  at  Sampling  Positions 
flutside  of  Target. 


D 

! 

0 

i 
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i 

33.6 

t 

s0714i 

17751 

— 155 - - - 

! 

1 

i 

469 

« 

28.1 

t 

.0600t 

1.60: 

100 

! 

2 

! 
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! 

14.3 

« 

.0305  i 

•  76: 
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! 

4 

« 

469 

1 

8.6 

< 

.0183! 

•46: 

100 

L 

i 

0 

! 
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! 

2«6 

! 

.0041! 

.10  Y 

93 

« 

1 

< 

635 

i 

2.6 

i 

•0041: 

•10: 

93 

! 

2 

! 

635 

i 

2.4 

! 

.0038 1 

.10: 

93 

! 

4 

1 

! 

1.0 

» 

,0016t 

•04: 

50 

H 

! 

6 

! 

i 

2.6 

i 

.0043 ! 

•  11: 

100 

2 

l 

! 

607 

! 

2.6 

1 

.0043 i 

.11: 

100 

! 

2 

! 

607 

« 

2.6 

! 

.0043: 

.11: 

100 

! 

4 

< 

607 

! 

2.4 

! 

.0040i 

•  10: 

93 

P 

1 

0 

i 

627 

! 

5.4 

« 

.0086 i 

.22: 

100 

! 

1 

i 

627 

! 

8.2 

! 

.0131: 

.33: 

100 

! 

2 

i 

627 

1 

5.8 

! 

.0093 i 

•23: 

100 

! 

4 

! 

627 

! 

2.6 

! 

.0042 i 

•  11: 

100 

T 

! 

0 

! 

598 

! 

2.8 

i 

.0047: 

•  12: 

100 

i 

1 

! 

598 

! 

4.6 

i 

.0078: 

•  19: 

100 

! 

2 

i 

598 

i 

2.2 

i 

.0037: 

.09: 

86 

! 

4 

i 

588 

! 

0.4 

! 

.0007: 

.02: 

30 
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2.  From  the  32nd  to  67th  Minute  after  Firing. 


Table  No.  16. 


Estimated  HS  Vapor  Casualties  on  Target. 


Sampling  toleration 
position!  of 

t  sample 

tYola  of 
tair  sam- 
t  pled 

"i  E§ - 

t samp led 
> 

(Vapor  t  o.t. » Estimated  casualties 
tconen. s value :f or  man  protected  by 
t  t  t  gas  mask  only 

t 

ft. 

t  liters 

<  mg. 

tmg./l.  t 

1  % 

C  t 

0 

t  936 

t  1.2 

t  .0013t 

.03 

t  42 

F  t 

0 

t  1140 

t  2.4 

t  .0021 t 

.07 

«  73 

G  : 

1 

t  1214 

i  12.7 

t  .0104 i 

.57 

i  100 

J  t 

1 

i  1254 

t  0 

t  0  t 

0 

t  0 

K  t 

0 

t  1270 

t  8.0 

i  .0063 t 

.22 

t  100 

N  t 

0 

:  1214 

t  0 

t  0  t 

0 

t  0 

R  t 

1 

t  1214 

>  0 

t  0  t 

0 

t  0 

S  t 

0 

t  598 

t  16.1 

t  .0269 » 

•  94 

t  100 

A T. - SUS 


Table  No.  18  A. 

Estimated  ES  Vapor  Casualties  at  Sampling  Position 
Outside  of  far  get;.'  * 


H 

t 

0 

t 

442 

il7.6 

t 

.0397 t 1.5^  t  ' 

roo~ 

t 

1 

t 

442 

t  17.5 

t 

.0397 tl.39  t 

100 

t 

2 

t 

442 

t  17.6 

t 

.0397 >1.39  t 

100 

t 

4 

t 

442 

t  11.6 

t 

#02&4txt69  s 

100 

L 

t 

0 

t 

n 

mi&fWKZwm 

16o 

t 

1 

i 

462 

m 

.0087 i  .31  * 

100 

t 

2 

t 

462 

H 

#0066 1  #23  i 

100 

t 

4 

t 

462 

m 

#0065}  #23  s 

100 

P 

t 

0 

t 

447 

*  16.6 

t 

•0346il.21  t 

loo 

t 

1 

t 

447 

t  17.1 

t 

.0382(1.34  t 

100 

t 

2 

t 

447 

t  13.1 

t 

.0293(1.03  t 

100 

t 

4 

t 

447 

*  5.6 

> 

.0130 t  .46  t 

100 

t 

0 

t 

wz*m 

t  6.0 

t 

.  loo 

t 

1 

t 

421 

t  5.4 

t 

.0128 t  .45  t 

100 

t 

2 

> 

421 

t  4.6 

* 

#0109 s  #38  s 

100 

> 

4 

t 

421 

t  2.6 

t 

#0062:  #22  t 

100 
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(e)  Estimated  Man  Casualties  Based  on  Effeots 
on  Animals. 


Animals  consisting  of  goats  and  rats  were  plaoed  on  the 
target  at  the  positions  shown  on  Chart  1G,  Animal  casualties  and 
estimated  man  casualties  for  man  protected  by  gas  mask  only,  are  given 
in  Tables  No*  19A,  19B,  and  19C.  Animal  casualties  and  estimated  man 
casualties,  based  on  effeots  on  animals,  are  shown  on  Charts  5G  and 
6G.  The  basis  of  estimated  casualties  and  the  symbols  used  in  this 
table  and  on  the  charts  to  designate  the  nature  of  the  animal  casualties, 
are  explained  in  paragraph  6  ,_c. 

JL,  Firing  Period  and  Following  22  Minutes* 


Table  No,  IgA. 

Estimated  Masked  Man  Casualties  Based  on  Effects  on  Rats 
Suspended  at;  an  Elevation  of  18  ini 


Position!  Nature  i Severity tEstimated  man  oas- 
of  t  of  i  of  i  unities 
stake  t casualty  t casualty  t 

t 

!  ! 

109 

! 

s 

I  Medium  i 

100 

149 

I 

fefo 

i Death  ini 

~  I6o 

! 

t  4  days  i 

"  ‘  16$ 

1 

s 

i  Medium  t 

I5o 

i&3 

! 

s 

t  Medium  i 

loo 

T§T 

t 

s 

i  Medium  i 

166 

— si r 

1 

s«R 

(Death  int 

loo 

t 

C 

i  4  days  i 

Total  suspended  rat  positions  -  26 
Estimated  man  casualty  positions  -  6 
Per  cent  estimated  man  casualties  -  24 
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Table  Ho.  19B. 


Estimated  Masked  Man  Casualties  Baaed  on  Effects  on  Rats 
in  Cagee  on  Ground* 


Position!  Nature  i S eve rityi Estimated  man  ca's- 
of  t  of  <  of  <  ualties 

stake  (casualty  (casualty ( 

( 

(  ( 

% 

85 

(  S 

( 

(Death  in( 

(  4  days  ( 

100 

129 

(  ES 

(  Medium  ( 

ioo 

Total  ground  rat  positions  -  IS 
Estimated  man  casualty  positions  -  2 
Per  cent  estimated  man  casualties  -  16.4 


Table  No.  19C. 


Estimated  Masked  Man  Casualties  Based  on  Effects  on  Goats 


19 

( 

EE 

( 

Medium  ( 

0 

39 

( 

ER 

( 

Medium  ( 

0 

43 

( 

E 

( 

Medium  ( 

0 

83 

( 

E 

! 

light  ( 

0 

87 

* 

EES 

( 

Medium  i 

100 

107 

( 

BR 

( 

Medium  t 

0 

127 

( 

E 

1 

Light  ( 

0 

131 

( 

EES 

( 

Medium  ( 

100 

147 

( 

EE 

( 

Medium  » 

0 

151 

t 

KF 

! 

Death  ( 

100 

167 

( 

S 

i 

Light  ( 

100 

171 

( 

S 

( 

Medium  ( 

100 

175 

( 

e2r 

( 

Severe  ( 

0 

191 

( 

es2 

( 

Medium  t 

100 

195 

( 

ERS 

( 

Death  ( 

100 

219 

* 

EES 

( 

Medium  t 

100 

Total  goats  exposed  -  25 

Estimated  man  oasualty  positions  -  8 

Per  oent  estimated  man  casualties  -  32 
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— *  Fourth  and  Seventh  Day  After  Firing. 

Two  goats  were  exposed  in  shell  craters  located  between 
stakes  194  and  195  for  a  period  of  24  hr.  on  the  fourth  day  after  firing 
and  two  additional  goats  were  exposed  at  the  scene  position  for  a  period 
of  24  hr.  on  the  seventh  day  after  firing.  None  of  these  goats  showed 

casualties* 


(7)  Discussion. 

(a)  Shell  Distribution.  The  positions  of 
impacts  on  and  around  the  target  are  sEown  on  Chart  2G.  There  were 
six  normal  bursts  on  the  target  and  two  tree  bursts.  None  of  the  bursts 
outside  of  the  target  were  appreciably  effective  on  the  target  so  that 
total  effects  on  the  target  were  due  to  the  burst  of  8  shell. 

(b)  Impact  Area.  For  purposes  of  discussion  the 
impact  area  may  be  regarded  as  that  part  of  the  target  east  of  a  line 
through  stake  5  and  225  and  south  of  line  through  stakes  23  and  28. 

It  is  shown  on  Chart  2G  and  the  animal  squares  (20-yd.  squares)  of  whioh 
it  is  composed  are  given  in  Table  No.  21. 

(o)  Estimated  Casualties  from  Liquid  HS. 

JL.  Effect  of  Meteorological  Conditions. 

The  windnelooity  over  the  target  during  firing  was  sero 
so  that  distribution  and  oasualty  effect  of  liquid  HS  were  not  affected 
at  all  by  meteorological  conditions. 

2,  »  Ef foots  of  Terrain.  Of  the  eight  shell 

bursts  on  the  target,  two- were  due  to  iree  impacts.  Theoretically,  the 
burst  of  shell  filled  with  HS  above  the  ground,  as  in  the  case  of  bursts 
on  impact  against  trees,  will  result  in  greater  distribution  of  the 
liquid  HS  with  a  corresponding  greater  percentage  of  casualty  effects 
than  in  the  case  of  bursts  on  impact  with  the  ground. 

3.  Man  Protected  by  G*s  Mask  but  without 
Protection  of  Impregnated  Clothing. 

It  is  estimated  from  results  in  Table  No.  15,  that  personnel 
protected  by  gas  mask  only,  would  experience  about  23,7%  casualties  from 
liquid  HS  if  they  remain  equally  distributed  over  ths  target  during  the 
firing  period.  The  liquid  HS  on  the  target  was  due  to  the  burst  of 
eight  shell.  On  the  basis  of  8  shell  on  an  area  of  20,000  sq.yd*  to 
produce  23.7%  casualties  from  liquid  HS  when  personnel  are  protected  by 
gas  mask  only,  it  will  require  8.4  shell  per  100  yd.sq.  to  produce  50% 

casualties* 
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_4.  Man  Proteoted  by  Gas  Mask  and  standard 
””  impregnated  Clothing. 

From  results  In  Table  No*  16  It  is  estirrated  that  personnel 
protected  by  gas  mask  and  standard  impregnated  clothing  who  are  exposed 
on  the  target  during  the  firing  period  will  experience  about  8.2$  cas¬ 
ualties  ,  if  thqy  are  equally  distributed.  On  this  basis  it  will  re¬ 
quire  about  24.4  shell  per  100  yd.  sq.  to  produce  60$  casualties. 

(d)  Effect  of  HS  Vapor. 

_1*  Pis ouss ion  of  Meteorological  Conditions. 

During  the  present  test,  the  air  temperature  was  83°F, 
end  air  travel  over  the  target  was  too  low  to  be  registered  by  a  vane 
anemometer.  These  conditions  were  extremely  favorable  for  the  use  of 
HS. 


2*  Firing  Period  and  Following  22  Minutes. 

(a)  On  Target. 

Results  of  vapor  samples  taken  at  9  sampling  positions 
on  the  target  are  given  in  Table  No.  17  for  the  firing  period  and 
following  22  min.  The  vapor  concentration  for  each  20-yd.  square  of 
the  target  was  figured  from  results  in  this  table,  taking  into  con¬ 
sideration  the  positions  of  nearest  impacts  and  wind  direction.  These 
results  are  given  in  the  fifth  column  of  Table  No.  20.  From  the  average 
of  the  figures  in  the  fifth  column,  it  is  estimated  that  personnel  with 
gas  mask  protection  only,  would  experience  about  64.3$  casualties  if 
exposed  during  firing  and  the  following  22  min. 

Per  cent  estimated  casualties  from  effects  of  HS  vapor 
is  shown  graphically  on  Chart  3G.  The  shaded  area  on  the  ohart  represents 
that  part  of  the  area  on  whioh  it  is  estimated  100$  casualties  would  be 
produoed  by  effect  of  HS  vapor  when  man  is  proteoted  by  gas  mask  only. 

(b)  Outside  of  Target. 

Estimated  casualties  at  sampling  p ad t ions  downwind  from 
the  target  are  given  in  Table  No.  17A  for  the  firing  period  and  following 
22  min.  All  positions  downwind  from  the  target  showed  a  strong  concen¬ 
tration  of  HS  vapor.  The  presenoe  of  HS  vapor  at  the  five  sampling 
positions  was  partly  due  to  the  drift  of  HS  vapor  downwind  from  the  target 
and  partly  to  the  burst  of  shell  outside  of  the  target  near  the  sampling 
positions. 
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Z, •  From  the  52nd  to  67th  Minute  After  Firing* 

^a)  On  Target, 

From  results  of  -vapor  samples  In  Table  No.  18.  it  is 
estimated  that  personnel  protected  by  gas  mask  only  would  experience 
about  51.9^  casualties  from  effeots  of  HS  -vapor  if  they  are  exposed 
on  the  target  from  the  32nd  to  67th  minute  after  firing.  Estimated 
casualties  are  shown  graphically  on  Chart  3aG#  for  the  period. 

^b)  Outside  of  Target. 

Estimated  -vapor  casualties  are  given  in  Table  No.  18A 
based  on  results  at  sampling  positions  downwind  from  the  target.  The 
results  show  100$  estimated  casualties  from  effeot  of  HS  vapor,  if  per¬ 
sonnel  protected  by  gas  mask  only  are  exposed  about  30  yd.  downwind  from 
the  target  from  the  32nd  to  the  67th  min.  after  firing.  The  vapor 
concentration  set  up  downwind  from  the  target  was  partly  due  to  the 
drift  of  HS  vapor  from  the  target  and  partly  to  the  burst  of  shell  outside 
of  the  target  near  the  sampling  positions. 

(e)  Estimated  Man  Casualties  Based  on  Effects 
on  "Animals'."'  " 

_1*  Firing  Period  aid  Following  22  Minutes. 

Animal  casualties  and  estimated  man  casualties,  based 
on  effects  on  animals,  are  given  in  Tables  No.  19A.  19B.  and  19C 
representing  exposure  on  the  target  during  firing  and  the  following 
22  min.  The  results  in  these  3  tables  are  consolidated  in  the  last 
two  columns  of  Table  No.  20  where  consolidated  results,  based  on  animal 
casualties,  show  Z2%  estimated  man  casualties.  The  results  in  these 
two  columns  are  also  shown  graphically  on  Charts  6G  and  6G. 

2.  Persistence  of  HS  on  Impact  Area. 

Results  given  in  paragraph  9,_o, (6), (e),2  showed  no  cas¬ 
ualties  on  exposure  of  two  animals  in  shell  craters  for  a  period  of 
24  hr.  on  the  4th  and  on  the  7th  day  after  firing.  These  results  indi¬ 
cate  that  the  area  could  probably  be  occupied  by  unprotected  personnel 
following  the  3rd  day  after  firing  without  experiencing  serious  casualties 
provided  shell  craters  were  avoided. 
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Comparison  of  Per  Cent  Estimated  Man. 


Casualties  Based  on  Measurements  of 


e  Gas  Concentration  and  by  Effects 


on  Animals 


sk  On 


In  Table  No*  20,  estimated  man  casualties  are  given 
for  each  20  yd*  sq«,  representing  an  animal  position  based  on: 

HS  liquid  determined  by  panel  data 
HE  vapor  determined  by  vapor  samples 

Combined  effect  of  HS  liquid  and  vapor  from  sample  data 
From  effects  on  animals 


Table  No.  20. 
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Table  No.  20  (Cont’d. ) 
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NOTBt  Symbols  used  in  column  7  to  designate  the  nature  of  the 
animal  casualties  are  explained  in  paragraph  6,o. 

(1)  designates  rat  in  oage  on  ground. 

(2)  designates  rat  in  oage  suspended  at  an  elevation  of  18  in. 


Results  in  Table  No.  20  show  64.8$  casualties  based  on 
sample  data  and  32$  based  on  effeots  on  animals* 

Z*  On  Impact  Area  (10*800  sq.yd.)* 

The  impact  area  as  defined  in  paragraph  9,o,(7)(b)  is 
shown  on  Chart  26  and  the  20-yd.  squares,  included  wlthin~~its  $rea, 
are  tabulated  in  Table  No.  21.  On  its  area  of  10,800  sq.yd.  there 
were  8  bursts.  Results  in  Table  No.  21  show  97.6$  estimated  casual¬ 
ties  based  on  sample  data  and  51.8$  based  on  animal  data. 


Table  No.  21. 
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MOTE i  Symbols  used  la  oolumn  7  to  designate  the  nature  of  the  animal 
oaeualtiee  are  explained  in  paragraph  6,_c» 

(1)  designates  rat  in  cage  on  ground.  — 

(2)  designates  rat  in  oage  suspended  at  an  elevation  of  18  in* 


(g)  Humber  of  Shell  Enquired  to  Produoe  50$ 

Han  Casualties. 


From  data  given  in  paragraph, 9,Jj,(7),(f), 2  it  was  estimated 
that  the  burst  of  8  shell  on  an  area  of  10,800”“ sq.yd.  would  produoe  97.6# 
oasu&lties  based  on  sample  data  and  61.8#  based  on  effects  on  animals, 
when  personnel  who  have  only  gas  mask  protection  are  exposed  on  the  impact 
area  during  firing  and  the  following  22  min.  On  this  basis  the  following 
number  of  shell  are  required  to  produoe  60#  casualties  per  100  yd. square t 
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Based  on  HS  liquid  and  -vapor  samples  -  3*8  shell 
Based  on  effects  on  animals  -  7,1  shell 

Average  shell 


(8)  Conclusions,  From  the  results  of  the  present  test, 
the  following  conclusions  are  drawn  with  respect  to  the  use  of  166-mm, 
howitzer  shell  filled  with  ES  under  the  meteorological  and  terrain  condi¬ 
tions  of  the  test. 


(a)  The  number  of  shell  required  per  100  yd.  square 
to  produce  60$  casualties  when  distributed  as  equally  as  practicable,  are 
as  follows* 


1,  When  man  proteoed  by  gas  mask  and  standard 
impregnated  clothing  is  exposed  during  the  firing  period  -  about  26  shell 
(see  paragraph  9,ci,(7),(c),4), 

2m  When  man  protected  by  gas  mask  only,  is 
exposed  on  the  target  for  'a  period  of  26  min,  including  firing  -  about 
6  shell  (see  paragraph  9,e,(7),(g)  above), 

(b)  This  test  should  be  repeated  due  to  the  small 
number  of  bursts  on  the  target  and  the  fact  that  all  these  bursts  were 
on  the  downwind  aide  of  the  target, 

d,  Test  of  August  11,  1933, 

(1)  Object,  To  determine  the  number  of  HS-filled  166-mm. 
howitzer  shell  required  to  produoe  60$  casualties  when  fired  about  1  hr, 
before  sunset  at  personnel  proteoted  by  gas  mask  only,  who  are  located 

in  wooded  country  and  remain  on  the  impaot  area  for  a  period  of  26  min, 
including  the  firing  period, 

(2)  Materials  Psed,  Forty  Mil,  166-ma.  howitzer  shell 
filled  with  HS  were  used  in  the  test.  The  history  of  these  shell  and  the 
type  of  fuze  and  booster  used  are  given  in  paragraph  4, 

(S)  Target,  The  location  of  the  target  and  positions 
of  -vapor  sampling  machine *7  panels  and  animals  were  the  same  as  in  previous 
test  conducted  on  July  6,  1933,  At  the  time  of  the  test,  the  soil  was 
wet  from  effects  of  a  rain  on  the  previous  night. 

Chart  1H,  shows  the  target  as  it  was  prepared  for  the  test 
with  positions  of  animals,  panels  and  vapor  sampling  machines. 
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(4)  Firing  of  Shall 


(a)  Adjustment.  Fourteen  shell  were  used. 
Registration  fire  was  directed  at  a  position  about  200  3rd.  west  of  the 
target*  Firing  started  at  4t45  p.m*  and  ended  at  5il0  p.m. ,  a  period 
of  25  min* 


(b)  Firing  for  Effect*  The  howitzers  were  ranged 
in  parallel  for  impact  on  a  1 la©  through  the  short  axis  of  the  target. 
Firing  started  at  5 >46  p.m.  and  ended  at  6*52  p.m.,  a  period  of  6  min. 
Twenty-six  shell  were  used* 


A  photostatio  oopy  of  a  Memorandum  dated  August  11,  1933 
to  Capt*  C.E*  Lou ok# ,  from  the  Battery  Commander  giving  firing data 
by  round,  is  attached  to  this  report. 


(6)  Meteorological  Conditions. 


(a)  During  Firing  and  Following  Hour* 


Time 

Air  temperature,  °F* 

Ground  temperature,  °F* 
Relative  humidity,  % 

Wind  velooity  (on  open  area 
zb  ar  target)* 

Wind  velooity  (on  target)* 

Wind  travel 

Sky 


6*50  p*su 
72 
74 

80 

slight  drift 
slight  drift 
HE 

cloudy 


6*15  p*m. 
72 
74 

80 


slight  drift 
slight  drift 
HE 

cloudy 


7*00  p.m. 

69 

71 

86 

slight  drift 
slight  drift 
HE 

cloudy 


*At  an  elevation  of  6  ft. 
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(b)  During  the  First  Nine  Day  Following  Test 


Date 

Temp. 

-rrr9 

:Rainfall 

fnrr.  crrrraHHHHHOBMHHHMBHHd 

#rom:  To 

rrm 

IJCYO 

ag-EUI 

HPCM 

warn 

2  p.m. 

:  4  p.m. 

Km 

r&r 

r^5~ 

:  ,06 

1*  : 

1. 

:  1. 

E 743&M1 

Km 

rw 

w 

:  0 

*8 

•  i  i 

.5 

.3 

*  .2 

LfilMU 

77 

6i 

69 

:  ,51 

1. 

1,  : 

1. 

1. 

t  1. 

8/16:8/16) 

84 

60 

ft 

:  0 

0 

»2  : 

,6 

.6 

*  i  ,6 

VilZSJW 

~ 80 

71 

1  To! 

•8 

#9  : 

,9 

:  1* 

81 

68 

i  16 

:  *19 

.9 

*9  : 

,8 

.9 

:  .9 

pimrm 

~sS 

rw~ 

76 

:  0 

1. 

1,  * 

.9 

, i 

:  ,4 

am 

7$ 

W~ 

:  0 

1‘. 

1,  : 

1. 

<  1, 

air 

70 

71 

:  0 

1. 

1.  > 

1. 

1. 

:  1. 

(6)  Results , 


(a)  Impacts*  The  positions  of  impacts  are  shown 
on  Chart  2H.  There  were  Z&'  impacts  accounted  for  on  and  around  the  target 
of  which  7  were  bursts  on  the  target* 

Of  the  40  shell  fired  including  the  14  used  for  adjustment, 
there  were  11  duds,  5  low  order  bursts  and  24  normal  bursts. 

(b)  Liquid  HS. 

1«  Site  of  HS  Drops.  The  paper  panels  on 
the  target  were  tabulated  7or  site  of  h!s  drops.  Results  are  given  in  the 
following  table: 
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Table  No.  22. 


Number  of  Panels  Showing  HS  Drops  of  1.0  mg.  or  Larger. 


Panel* 

No.  of  HS 

drops 

no. 

*0.1  to 

lOver  0,5 

lOver  l.d  tO-rer  3.0 

*0. 

8  IK. 

tto  1.0  mg. 

*to 

3.0  mg.  *  9g. 

. . 

* 

2$ 

t 

I 

t 

t 

7 

* 

5 

t 

2 

t 

1  * 

8 

* 

16 

t 

2 

t 

t 

9 

t 

16 

t 

2 

t 

t 

10 

t 

3 

* 

* 

2  t  1 

12 

t 

26 

* 

t 

* 

18 

* 

100 

t 

100 

* 

50  * 

20 

t 

5 

t 

2 

* 

t 

23 

* 

100 

* 

* 

i 

31 

t 

3 

* 

1 

* 

t 

33 

* 

1 

* 

* 

* 

34 

* 

9 

t 

* 

* 

46 

t 

16 

* 

3 

t 

* 

48 

* 

3 

t 

t 

i 

49 

t 

5 

t 

t 

t 

52 

* 

15 

t 

* 

t 

57 

• 

• 

15 

* 

3 

t 

1  * 

59 

t 

15 

* 

6 

* 

3  *  2 

61 

t 

15 

t 

2 

* 

* 

63 

t 

16 

t 

t 

i 

64 

* 

100 

: 

9 

t 

• 

• 

65 

• 

• 

2 

* 

* 

* 

69 

* 

5 

* 

3 

t 

* 

72 

t 

3 

• 

• 

* 

t 

74 

• 

• 

2 

t 

1 

t 

1  * 

75 

t 

6 

• 

« 

2 

* 

* 

82 

• 

• 

1 

* 

t 

< 

102 

t 

1 

* 

5 

* 

103 

* 

2 

t 

t 

* 

136 

i 

11 

* 

* 
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(o)  Estimated  Man  Casualties  front  Liquid  HS. 


_1»  Man  Protected  by  Gas  Mask  bit  without 
""  ftrotecb'ion  of  Impregnated  Clothing. 

The  paper  panels  on  the  target  were  tabulated  for  density 
of  pattern  using  the  pattern  seals  attached  to  this  report*  Results 
are  tabulated  in  the  following  tables  together  with  estimated  man  casual¬ 
ties*  The  basis  of  estimated  casualties  is  explained  in  paragraph  6, a* 


Tfcble  No*  23* 


Estimated  Masked  Man  Casualties  from  HS  Liquid  Based  on 

Panel'  Data* 


Pattern 

tPanels  classified 

sEstimaied  casual- 

*SE 7 

»Per  oent  of 

sties  for  man  pro- 

i 

itotal  on 

iteoted  by  gas  mask 

i 

t  target 

t  only 

Heavy 

t 

t  6 

t 

t  2*6 

*  % 
t  2.6 

Medium 

i  24 

t  10.4 

s  10.4 

Light 

t  32 

t  13*9 

<  11.1 

Traoe 

t  60 

<  21.6 

s  13.0 

No  HS 

sue 

t  61.6 

Total 

»231 

i  100*0 

i  37.1 

2*  Man  Protected  by  Gas  Mask  and  Standard 
“*  Impregnated  Clothing*  ” 

From  results  in  Table  No.  22,  a  tabulation  is  given  in 
Table  No.  24,  of  panels  showing  HS  drops  of  0.5  mg.  or  larger,  together 
with  estimated  casualties  for  man  protected  by  gas  mask  and  standard 
impregnated  clothing*  The  basis  of  estimated  casualties  is  explained 
in  paragraph  6, a, (2)* 
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Table  go,  24 


Estimated  Masked  Man  Casualties  Treat  HS  Liquid  Based 
on  Panel  Data.  ' 


Site  of  HS  drops iNo.  o i 
(panels 
» 

{Estimated  casualties  for  man 
sproteoted  by  gas  mask  and 
(standard  impregnated  olo thing 

i 

tper  panel  ?£»per  target  % 

One  drop  or  moret 
between  0.5  to  a 
1.0  but  with  no  t 
drop  exceeding  t 
1.0  mg.  i 

11 

%  40  (  1.9 

(  ( 

(  i 

t  « 

(  ( 

One  drop  or  more* 
exceeding  1.0  i 

mg.  t 

6 

_  j 

(  ( 

(  ( 

Total  t 

IT” 

(  (  4.5 

Total  panels  on  target  -231 


(d)  Estimated  Man  Casualties  from  HS  Vapor* 

Vapor  samples  were  taken  at  positions  shown  on  Chart  1H. 
In  Tables  No.  25,  25A,  26  and  26A  which  follow,  the  -vapor  concentra¬ 
tions,  c.t.  value,  and  per  cent  estimated  casualties  from  effeots  of 
HS  vapor  for  man  protected  by  gas  mask  only,  are  given  for  each  sampling 
position*-  The  basis  of  estimated  casualties  is  explained  in  para¬ 
graph  6,J>* 


1.  Firing  Period  and  Following  22  Minutes. 
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Table  No,  25 


Estimated  Masked  Man  Casualties  from  HS  Vapor  on  Target. 


Elevation »Vol.  of  t 
of  tair  earn- t 

sample  x  pled  x 

HlS  i Vapor  x  c.t.  i Estimated  man  casualties 

sampled xoonon.  rvalue *f or  man  protected  by  gas 
x  i  *  nnaek  only 

wm&m 

mg./l.  x 

X 

% 

c 

i  860  t 

57.5 

i  .0458 x 

l.lOx 

100 

F 

B8 

t  856  t 

4,0 

x  .0048 « 

•  12  x 

100 

G 

p 

i  624  t 

16.7 

x  .0190x 

.47  x 

100 

J 

if 

i  860  t 

11.0 

x  .0129 x 

.52  x 

100 

K 

i  656  i 

5.0 

x  .0060x 

.16 1 

100 

N 

>  824  t 

5.2 

x  *0039 x 

•  lOx 

95 

0 

KJI 

t  624  i 

2.2 

x  .0027x 

.07  x 

75 

R 

IggE*’'. 

<  816  i 

1.0 

x  .0012x 

•05x 

42 

n 

<  824  « 

0 

x  0  x 

0  x 

0 

♦Based  on  a  25  min.  period  (l/2  firing  period  plus  22  min.). 


Table  No.  26A. 


Estimated  Masked  Man  Casualties  from  HS  Vapor  at  Position 

QU^;s'^a<0f  .  r" 


D 

X 

1 

* 

a 

X 

H 

H 

X 

X 

X 

X 

0.8 

2.4 

0.4 

1.0 

X 

x 

X 

X 

,6ol9  x 
•OO661 
.0009 x 
.0025 x 

“TCTT — 

.I4x 

.02  x 
•06  x 

58 

100 

50 

66 

E 

X 

0 

X 

X 

X 

besom 

.04  x 

X 

1 

1 

416 

X 

0.6 

1 

.0014 x 

.04 « 

50 

2 

X 

418 

1 

0.6 

X 

.0014x 

.04 1 

60 

s 

4 

X 

416 

X 

0.6 

X 

.0014x 

.04  x 

50 

fl 

1 

mm 

n 

mwm 

n 

ffifjgJI 

nm 

X 

i 

H 

n 

H 

100 

1 

2 

H 

n 

to 

H 

95 

X 

4 

H 

H 

EK3 

H 

R3K 

1 

X 

0 

X 

426 

1 

^72 

X 

rthnm 

X 

1 

X 

425 

X 

0.8 

X 

.0019 X 

.06  x 

58 

X 

2 

X 

426 

1 

0.4 

X 

,0009 i 

.02  x 

30 

1 

4 

1 

425 

X 

0.4 

1 

.0009x 

•02  x 

30 

L 

1 

0 

X 

1 

1.6 

X 

•  lOx 

s 

1 

1 

418 

X 

0.4 

1 

.0010 X 

.02  x 

30 

1 

2 

X 

416 

X 

4.0 

X 

,0095 X 

,24x 

100 

3 

4 

1 

418 

1 

1.4 

X 

.0055 x 

•08x 

80 
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Table  Ho.  25A.  (Cont'd.) 


Samp  ling  *Elevati  on  *Vol.  of 

i  Vapor* 

o.t. 

lEstlmated  casualties 

position 

of 

rair  earn- 

tsaapled 

toonen. * value 

tfor  man  protected  by 

sample 

‘ 

t 

*  * 

* 

t  gas  mask  only 

A. 

*  liters 

«  mg* 

tmg./l,  * 

*  Jo 

P 

0 

i  412 

t  0*8 

t  .0019* 

.05 

t  58 

l 

i  412 

i  1*6 

t  .0039* 

.10 

*  93 

2 

i  412 

*  1*4 

t  .0034* 

.08 

t  80 

4 

*  412 

t  1*0 

*  .0024* 

.06 

*  66 

T 

0 

wamssm 

i  5rr~ 

MESHED 

ToF 

*  86 

1 

t  412 

t  o 

*  o  * 

0 

*  0 

2 

t  412 

t  0.4 

*  .0010* 

.02 

*  50 

4 

«  412 

t  0 

*  0  1 

0 

*  0 

Sample#  taken,  at  positions  M  and  Q  showed  negative  results. 


2*  From  the  52nd  to  67th  Minute  After  Firing. 


Table  Wo.  26. 


Estimated  Masked  Man  Casualties  from  HS  Vapor  on  Target. 


c 

* 

i 

i 

1234 

* 

26Y1 

t 

Tom* 

.74  * 

G 

t 

0 

* 

1216 

t 

19.3 

t 

.0169  * 

•56  * 

100 

J 

* 

0 

* 

1144 

* 

1*4 

* 

•0012 1 

•04  t 

60 

K 

t 

l 

t 

1234 

* 

0.6 

* 

.0004* 

.01  * 

11 

R 

t 

0 

t 

1216 

* 

0 

* 

0  * 

0  t 

0 

0 

* 

0 

i 

1216 

t 

0 

t 

0  * 

0  t 

0 

N 

* 

1 

* 

1234 

t 

0 

* 

0  1 

0  * 

0 

S 

t 

1 

* 

1216 

* 

0 

* 

0  t 

0  * 

0 

Trl  32.6 
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Table  No.  26A 


Estimated  Masked  Man  Casualties  from  HS  Vapor  at  Positions 
Outside  ofTargetp 


Sampling : Elevation 

*Vol.  of 

* 

HS 

•Vapor  * 

jfcstimated  casualties 

position* 

of 

lair  s am- 

(sampled 

toon on. * value 

*for  man  proteoted  by 

* 

sample 

* 

pled 

* 

*  * 

tgas 

mask  only 

HMD 

iKim 

liters 

* 

mg. 

tmg./l. : 

t 

i 

D  * 

617 

* 

0*4 

*  .0006* 

.02 

* 

30 

* 

ss 

617 

* 

1.2 

t  .0019* 

.07 

t 

73 

* 

'■.n 

617 

* 

1.2 

*  .0019* 

.07 

* 

73 

* 

KB 

617 

* 

1.2 

*  .0019* 

.07 

* 

73 

E  * 

6 

* 

* 

1.2 

K&l 

* 

It 

* 

1 

* 

635 

t 

1.6 

*  .0025* 

.09 

* 

87 

* 

2 

* 

636 

* 

1.2 

*  .0019* 

.07 

* 

73 

* 

4 

* 

636 

* 

1.2 

*  .0019* 

.07 

* 

73 

— s — r 

6 

* 

mmm 

* 

1.2 

*  ,0020* 

.07 

* 

7s 

* 

l 

t 

608 

* 

1.0 

t  .0016* 

.06 

* 

66 

* 

z 

* 

608 

* 

1.0 

.06 

* 

66 

* 

4 

* 

608 

* 

0.8 

*  .0013* 

•  06 

t 

58 

1  * 

0 

* 

t 

0.4 

TtooofT 

752” 

* 

36 

* 

1 

* 

572 

* 

0 

*  0  * 

0 

* 

0 

* 

2  : 

t 

672 

t 

0.4 

*  .0007* 

.02 

* 

30 

* 

4 

* 

672 

* 

0 

t  0  * 

0 

* 

0 

L  * 

* 

0.6 

*  .0010* 

753” 

* 

42 

* 

1 

* 

0 

t  0  * 

0 

* 

0 

* 

2 

* 

0.6 

*  .0010* 

.03 

* 

42 

* 

4 

* 

0.6 

*  .0010* 

.03 

* 

42 

f  « 

0 

* 

608 

* 

0.4 

*  .0006  * 

752” 

* 

26 

1 

* 

608 

* 

0.4 

*  .0006 1 

.02 

t 

30 

* 

2 

* 

608 

* 

0 

*  0  * 

0 

* 

0 

t 

4 

* 

608 

* 

0.4 

*  .0006  * 

.02 

t 

30 

Staples  taken  at  positions  11,  Q,  and  P  showed  negative  results. 
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(e)  Estimated  Man  Casualties  Based  on  Effects 
on  Animals . 


Animal 8  consisting  of  goats  and  rats  were  placed  on  the 
target  at  positions  shown  on  Chart  1H,  Animal  casualties  and  estimated 
man  casualties  for  man  protected  by  gas  mask  only,  are  given  in  Tables 
No*  27A,  27B,  and  27C,  animal  casualties  and  estimated  man  casualties, 
based  on  effects  on  animals,  are  shown  on  Charts  5H  and  6H*  The  basis 
of  estimated  casualties  and  the  symbols  used  in  the  tables  and  on  the 
charts,  to  designate  the  nature  of  the  animal  casualties  are  explained 
in  paragraph  6,o, 


1*  Firing  Period  and  Following  22  Minutes, 


Table  No.  27A, 


Estimated  Masked  Man  Casualties  Based  on  Effects  on  Rats 
feuspmnded  at  an  Elevation  of  18  "ik» 


Position 

of 

stake 

it  Nature  t Severity t Estimated  man  cas- 
t  of  t  of  t  unities 

t  casualty  t  casualty* 

s 

i  i 

% 

17 

t  S 

t Light  s 

100 

41 

t  ERS 

< 

t Death  int 
t  4  days  t 

~~~ 

— 57 — 

<  & 

tMedium  i 

- 155 - 

61 

t  ERS 

t 

tDeath  int 
t  2  days  t 

155 

155 

t  S 

i Light  t 

- 155 - 

“T35 — 

t  s 

t Light  t 

- 155 - 

t  § 

tLight  t 

loo 

Total  suspended  rat  positions  -  26 
Estimated  men  casualty  positions  -  7 
Per  cent  estimated  man  casualties  -  28 
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Table  Ho.  27B. 


Estimated  Masked  Man  Caaualtlee  Baaed  on  Effects  on  Rats 
In  Cages  on  Ground. 


Position t  Hature  {Severity  {Estimated  man 
of  x  of  i  of  i  casualties 

stake  t casualty toasualty t 

i 

i  t 

% 

41 

l:  BPS 

{Death  int 

100 

t 

(  3  days  { 

61 

t  ERS 

{Death  in( 

100 

i 

{  3  days  { 

t  S 

{  Light  ( 

I6o 

Total  rats  in  eages  on  ground  -  13 
Estimated  man  oasualty  positions  -  3 
Per  oent  estimated  man  casualties  -  23.1 


Table  Ho.  27C. 

v 

Estimated  Masked  Man  Casualties  Based  on  Effeots  on  Goats, 


Is 

( 

ER 

t  Medium  i 

- 5 — 

19 

( 

ERS 

(  Medium  i 

roo~~ 

is 

( 

t 

ERS  ' 

{Death  in( 

{  2  days  { 

'  loo 

39 

( 

“e!T 

(  Medium  ( 

0 

45 

{ 

R 

t  Medium  < 

6 

59 

t 

“ERS" 

{  Medium  i 

166 

64 

( 

E 

(  Medium  { 

6 

6z 

( 

ER 

(  Medium  { 

0 

61 

t 

E 

{  Medium  ; 

6 

i03 

( 

E 

(  Medium  { 

_ 9  -  - 

— 

( 

ER 

(  Light  ( 

0 

147 

{ 

ER 

{  Medium  ( 

0 

'  161 

( 

R 

(  Light  { 

"  6 

5ii 

i 

R 

(  Medium  t 

0 

Total  goats  exposed  •  25 

Estimated  man  oasualty  positions  -  3 

Per  cant  estimated  man  casualties  -  12 
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2.  Fifth  Day  After  Firing.  Two  goata  were 
exposed  in  shell  craters  located  near  stake  47  for  a  period  of  24  hr* 
on  the  fifth  day  after  firing.  One  of  these  goats  was  unaffected 
but  the  other  was  a  light  skin  casualty. 

(7)  Discussion. 


(a)  Shell  Distribution.  The  positions  of  impacts 
on  and  around  the  target  are  shown  on  Chart  2H.  There  were  two  low  order 
bursts,  1  tree  burst  and  four  normal  bursts  on  the  target.  Three  bursts 
north  of  the  target  were  probably  slightly  effective  on  the  target.  If 
it  is  assumed  that  these  three  bursts  outside  of  the  target  are  equiva¬ 
lent  to  1  burst  on  the  target,  the  total  effects  on  the  target  were 
equivalent  to  8  shell. 

(b)  Impact  Area.  For  purposes  of  disodssion  the 
impaot  area  may  be  regarded  as  that  part  of  the  target  represented  by 
the  20-yd.  squares  listed  in  Table  No.  29.  The  impact  area  is  shown 
on  Chart  2H. 


(o)  Estimated  Casualties  from  Liquid  HS. 

_1*  Effects  of  Meteorological  Conditions. 

The  windvelooity  over  the  target  during  firing  was  zero 
so  that  distribution  and  casualty  effect  of  liquid  HS  were  not  affected 
at  all  by  meteorological  conditions. 

_2.  Effects  of  Terrain.  Of  the  seven  shell 
bursts  on  the  target,  one  was  due  to  a  tree  impact.  Theoretically, 
this  shell  should  be  more  effective  than  a  ground  burst,  due  to  dis¬ 
tribution  of  liquid  HS  over  a  larger  area. 

3*  Man  Protected  by  &aa  Mask  but  without 
”  ^rotedbion  of  Impregnated  Clothing. 

From  results  given  in  Table  No.  23,  it  is  estimated  that 
personnel  proteoted  by  gas  mask  only  would  experience  about  57.1# 
casualties  from  liquid  HS  if  they  are  equally  distributed  over  the 
target  and  remain  there  during  the  firing  period.  The  liquid  HS  on  the 
target  was  due  to  the  burst  of  8  shell.  On  the  basis  of  8  shell  on  an 

area  of  20,000  sq.yd.  to  produoe  37.1#  casualties  from  liquid  HS  when 
personnel  are  proteoted  by  gas  mask  only, it  will  require  5.4  shell 
per  100  yd.  square  to  produce  50#  casualties. 
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_4.  Man  Protected  by  Gas  Mask  and  Standard 
Impregnated  Clothings 

Prom  results  in  Table  No.  24,  it  is  estimated  that  per¬ 
sonnel  protected  by  gas  mask  and  standard  impregnated  olothing,  who  are 
exposed  on  the  target  during  the  firing  period  will  experience  about  4,5$ 
casualties  if  they  are  equally  distributed  over  its  area.  On  this  basis 
it  will  require  about  44,4  shell  per  100  yd. square  to  produce  50$  casual¬ 
ties. 


(d)  Effects  Af  BS  Vapor. 

_1.  Disoussion  of  Meteorological  Conditions. 

During  the  test,  the  air  temperature  was  72 °P,  and 
there  was  almost  no  air  motion.  The  temperature  was  low  for  most  effec¬ 
tive  results.  The  absenoe  of  air  motion  theoretically  resulted  in  the 
vapor  being  very  effeotive  directly  over  the  area  sprinkled  with  HS  but 
resulted  in  a  very  slow  spread  of  the  vapor  beyond  the  contaminated  area. 
Under  such  stagnant  conditions ,  if  personnel  moved  off  the  impact  area 
within  the  first  25  min.  after  firing,  a  large  percentage  would  not  be  so 
thoroughly  gassed  as  they  sou Id  if  there  was  slightly  more  air  motion, 
due  to  the  long  period  required  for  the  vapors  to  spread  downwind  from 
the  contaminated  area. 


_2.  Firing  Period  and  Following  22  Minutes. 

{*)  On  Target. 

Results  of  vapor  samples  taken  at  the  9  sampling  positions 
on  the  target  area  arm  given  in  Table  No.  25  for  the  firing  period  and 
following  22  min.  The  vapor  concentration  for  each  20-yd.  sq.  of  the  tar¬ 
get  was  figured  from  results  in  this  table  taking  into  consideration  the 
positions  of  nearest  impacts  and  wind  direction.  These  results  are  given 
in  the  fifth  column  of  Table  No.  28.  From  the  average  of  the  figures 
In  the  fifth  column,  it  is  estimated  that  personnel  with  gas  mask  pro¬ 
tection  only,  would  experience  about  84.6$  casualties  if  exposed  on 
the  target  during  firing  and  the  following  22  min. 

Per  cent  estimated  casualties  from  effeots  of  HS  vapor 
is  shown  graphically  on  Chart  5H*  The  shaded  area  on  the  chart  repre¬ 
sents  that  part  of  the  area  on  idiioh  it  is  estimated  100$  casualties  would 
be  produoed  by  effects  of  HS  vapor  whet  man  is  protected  by  gas  mask  only. 
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(b).  Outside  of  Target. 

Estimated  casualties  at  sampling  positions  downwind  from 
the  target  are  given  in  Table  No.  25A.  Results  show  estimated  casual¬ 
ties  varying  at  the  different  positions  from  about  30  to  100$  from 
effects  of  HS  vapor  for  personnel  protected  by  gas  mask  only,  who  are 
exposed  30  yd.  downwind  from  the  impact  area  during  firing  and  the  follow¬ 
ing  22  min. 


_5*  From  the  32nd  to  67th  Minute  After  Firing, 
(a)  On  Target. 

Frost  results  of  vapor  samples  in  Table  No.  26,  it  is 
estimated  that  personnel  protected  by  gas  mask  only  would  experience 
about  32.6$  casualties  from  affects  of  HS  vapor  if  they  are  equally 
distributed  over  the  target  and  exposed  from  the  32nd  to  67th  min. 
after  firing.  Estimated  casualties  for  this  period  are  shown  graphi¬ 
cally  on  Chart  3aH. 


(Jj)  Outside  of  the  Target. 

Estimated  vapor  casualties  are  given  in  Table  No.  26A 
based  on  results  at  sampling  positions  30  yd.  downwind  from  the  target 
for  the  period  between  the  32nd  and  67th  min.  after  firing.  Estimates 
from  these  results  vary  from  about  30$  to  87$  casualties,  for  man  pro¬ 
tected  by  gas  mask  only. 

(e)  Estimated  Masked  Man  Casualties  Based  on 
Ifc^feots  on  jgilmalT', 

— •  Firing  Period  and  Following  22  Minutes. 

Animal  casualties  and  estimated  man  casualties,  based  on 
effects  on  animals,  are  given  in  Tables  No.  27A,  27B,  and  27C,  represent¬ 
ing  exposure  on  the  target  during  firing  and  the  following  22  min.  Re¬ 
sults  in  the  three  tables  are  consolidated  in  the  last  two  eolumns  of 
Table  No.  28  where  consolidated  results,  based  on  animal  casualties, 
show  22$  estimated  man  casualties.  The  results  in  these  two  oolumns 
are  also  shown  graphically  on  Charts  6H  and  6H. 

Zm  Persistence  of  HS  on  Impaot  Area. 

Results  given  in  paragraph  9,d,(6),(e),2  show  one  animal 
casualty  out  of  two  animals  exposed  in  shell  oraters  for  a  period  of 
24  hr.  on  the  fifth  day  after  firing.  These  results  indicate  that 
the  Impact  area  oould  not  be  oocupied  on  the  5th  day  after  firing  by 
personnel  with  only  gas  mask  protection  for  a  period  of  about  24  hr. 

without  experiencing  casualties. 
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(f)  Comparison  of  Par  Cent  Estimated  Masked  Man 
(freualties  Based  on  Measurements  of  the  Gas 
donosnt ration  and  by  its  Effects  on  Animal  a, 

1*  On  Target  (100  yd.  fry  200  yd,). 

In  Table  No.  28,  estimated  man  casualties  are  given  for 
each  20-yd.  square  representing  an  animal  position  based  ont 

HS  liquid  determined  by  panel  data 
HS  vapor  determined  by  vapor  samples 

Combined  effects  of  HS  liquid  and  vapor  from  sample  data 
Prom  effeots  on  animals 


Table  No.  28. 


Estimated  Masked  Man  Casualties  on  Target  on  Exposure  During 
Firing  and  the  following  ii  Min,  llrea  -  20,000 
sq.yd^  j  August  11,  1SS5. 


Stake  no.tlmpaettFrom  HS  liquid 
at  o  enter  ml  thin  t  Estimat  ed  man. 
of  20-yd. »20-yd. t  oaaualtiea 
square  i  squam 

i  t 

(  < 

tFrom  HS  vapor i^rom  HS  liquid 
t  o.t. itstima-i  and  vapor 
tvaluested  man (Estimated  man 
<  t casual- i  casualties 

«  t  ties  t 

t  t  t 

tFrom  effects 
«  on  animals 
t  Animal  «Eatima- 
< casual-  tted  man 
t  ties  toasual- 
i  t  ties 

t  < 

% 

t 

^  * 

% 

< 

t  % 

13 

t  0  t 

49 

t  .60 

100  t 

100 

i  N 

i  0 

15 

t  0  < 

9 

<  .40 

100  t 

100 

iMed.  EH 

(  0 

17 

t  0  < 

i  t 

64 

t  .50 
< 

100  t 

> 

100 

iLight  S 
*  (2) 

t  100 

( 

19 

t  0  < 

82 

tl.10 

100  i 

100 

iMed.  ERS 

(  100 

21 

<  0  t 

60 

t  .50 

100  i 

100 

t  N 

(  o 

35 

t  1  1 

i  t 

73 

t  .30 

< 

100  t 

t 

100 

(Death 

<  ERS  ; 

«  100 

( 

37 

t  1  I 

47 

<  .40 

100  1 

100 

i  N 

t  0 

39 

t  1  t 

60 

t  .50 

100  i 

100 

tUed.  ER 

(  0 

41 

t  0  1 

t  t 

i  t 

78 

t  .50 

< 

t 

100  » 

t 

1 

100 

(Death 

(  ERS 
(  (1  &  2) 

(  100 

( 

t 

43 

«  0  t 

35 

t  .40 

100  * 

100 

(Med.  R 

(  0 

57 

t  0  t 

t  t 

82 

t  .12 
t 

100  i 

< 

100 

(Med.  S 

t  (2) 

(  100 
( 

69 

t  0  i 

87 

i  .12 

100  t 

100 

(Med.  ERS 

(  100 

61 

t  0  t 

:  t 

t  t 

78 

t  .30 

> 

t 

100  1 

100 

(Death 

(ERS  (1) 
(ERS  (2) 

(  100 

( 

t 
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Table  Mo,  28  (Cont'd.) 


Stake  no. 
at  center 
of  20-yd. 
square 

ilmpaot  iFrojft  iis  liquid  i From  HS  vapor iFrom  HS  liquid 
iwithint  Estimated  man  <  o.t.  lEstima- 1  and  vapor 

1 20-yd. i  casualties  i value  it ed  man i Estimated  man 
i square i  t  toasual-t  casualties 

t  t  i  <  ties  t 

t  i  tit 

iFrom  Effects 
t  on  animals 
t  Animal  lEstima- 
t casual-  ited  man 
t  ties  toasual- 
t  t  ties 

t  t 

% 

t  t 

HT. 

* 

t  t 

63 

t  1  t 

82 

t  .47  t 

100  t 

100 

iMed.  E  : 

0 

65 

t  0  t 

58 

t  *30  t 

100  t 

100 

t  N  t 

0 

79 

t  0  t 

56 

t  *30  t 

100  t 

100 

t  N  t 

0 

81 

t  0  t 

67 

t  *30  t 

100  t 

100 

t  N  t 

0 

83 

t  0  t 

68 

t  #30  t 

100  t 

100 

iMed.  ER  t 

0 

85 

t  0  t 

44 

t  *30  t 

100  t 

100 

t  N  t 

0 

87 

t  0  t 

33 

t  *20  t 

100  t 

100 

iMed.  E  t 

0 

101 

t  1  t 

51 

t  *30  t 

100  t 

100 

t  N  t 

0 

103 

t  0  t 

87 

t  *32  t 

100  t 

100 

iMed.  E  t 

0 

105 

t  0  t 

38 

t  *25  t 

100  1 

100 

t Light  S  t 

100 

t  i 

t  t 

i 

«  (2)  . 

107 

t  0  t 

0 

t  .16  t 

100  1 

100 

t  N  t 

0 

109 

t  0  t 

0 

t  .is  t 

100  t 

100 

t  N  t 

0 

123 

t  1  t 

73 

t  *20  t 

100  t 

100 

t  N  t 

0 

125 

t  0  t 

89 

t  *32  t 

100  1 

100 

t  N  t 

0 

127 

t  o  t 

60 

t  *20  t 

100  t 

100 

t Light  ERt 

0 

129 

t  0  t 

13 

t  .15  t 

100  t 

100 

t Light  S  t 

100 

t  t 

t  t 

t 

.  (1)  « 

131 

I  0  t 

0 

t  *11  t 

100  1 

100 

t  N  t 

0 

145 

t  1  t 

47 

t  *15  t 

100  t 

100 

i Light  S  t 

100 

t  t 

t  t 

t 

«  (2)  . 

147 

t  o  t 

71 

t  .15  t 

100  t 

100 

iMed.  ER  t 

0 

149 

t  0  t 

27 

t  .10  t 

93  t 

95 

iLfght  S  t 

100 

t  t 

t  t 

t 

*  (2)  » 

151 

t  o  t 

7 

t  .10  t 

93  I 

93 

t  N  t 

0 

153 

t  0  t 

0 

t  *09  t 

87  t 

87 

t  N  t 

0 

167 

t  0  t 

42 

t  *09  t 

87  t 

92 

t  N  t 

0 

169 

t  0  t 

44 

t  .10  t 

93  t 

96 

t  N  t 

0 

171 

t  0  t 

0 

t  .09  t 

87  t 

87 

t  N  t 

0 

173 

t  0  t 

0 

t  .07  t 

73  t 

73 

t  N  t 

0 

175 

t  0  t 

0 

t..07  t 

73  t 

73 

t  N  t 

0 

189 

t  0  t 

24 

t  .03  t 

42  t 

55 

t  N  t 

0 

191 

t  0  t 

22 

t  .06  t 

66  t 

73 

iLigit  R  t 

0 

193 

t  0  t 

0 

t  .03  t 

42  t 

42 

t  N  t 

0 

195 

t  0  t 

0 

t  *02  t 

30  t 

30 

t  N  t 

0 

197 

t  0  t 

0 

t  *03  t 

42  t 

42 

t  N  t 

0 

211 

t  0  t 

0 

t  .03  t 

42  t 

42 

tMed.  R  t 

0 
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Table  No.  28  (Coat’d.) 


rrawrcg 

bse mmumsi 

nmam 

vapordrrom  HS  liquid(Froa  effeots 

of  oenteriwithin 

(Estimated  man 

(  c.t . lEstima- (  and  vapor 

(  on  animals 

of  20-yd, 

j 20-yd. 

(  casualties 

(value (ted  man : Estimated  man 

r-t 

1 

9 

ee 

jEstima- 

square 

tsquare 

(  (casual- (  casualties 

(  casual- 

•ted  man 

t 

(  : 

ties  ( 

:  ties 

: casual- 

i 

(  ( 

( 

( 

t  ties 

fHHHf 

» . i  " 

(  ( 

"1  j  £ 

( 

(  $ 

s  0 

(  13 

(  .03  ( 

42  (  50 

(  N 

t  0 

»  0 

(  0 

i  *02  t 

30  (  30 

(  N 

(  0 

:  0 

(  0 

t  ©0  ( 

0  (  0 

(  N 

«  0 

(  0 

(  ©01  ( 

11  (  11 

(  N 

:  0 

Total  and  t  7 

1  JO 

(  ( 

84.6 (  65.4 

t 

1  22 

average 

t 

(  ( 

( 

( 

( 

NOTE i  Symbols  used  in  column  7  to  designate  the  nature  of  the 
animal  casualties  are  explained  in  paragraph  6,o. 

(1)  designates  rat  in  oage  on  ground. 

(2)  designates  rat  in  oage  suspended  at  an  election 

of  18  in. 


Results  in  Table  No.  28  show  85.4$  casualties  based  on 
sample  data  and  22$  based  on  effects  on  animals. 

_2.  On  Impact  Area  (10.000  sq.yd,). 

The  impaot  area  as  defined  in  paragraph  9,d,(7),(b)  is 
shown  on  Chart  2H  and  the  20  yd.  sq.  included  within  its  area  are  tabulated 
in  Table  No.  29.  On  its  area  of  10,000  sq.yd.  there  were  7  bursts  and 

effeots  from  other  bursts  outside  of  the  -target,  estimated  as  equivalent 
to  one  addi-tional  burst,  making  the  total  effects  equivalent  to  6  bursts. 
Results  show  99.6$  estimated  casualties  based  on  sample  data  and  52.0$ 
based  on  animal  data. 
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Table  No.  29 


Estimated  Casualties  on  Impaot  j&rea  on  Exposure  Durin 


ring  Period  and  the  Following:  22  Minutes 


Stake  no. : Impact 
at  center  nrithin 
of  20-yd. »20-yd. 


iFrom  HS  liquid 
(Estimated  Man 
i  casualties 


From  HS  liquid: 

and  vapor  : 
Estimated  man  : 


From  effects 
on  animals 


Table  No.  29  (Coat'd.) 


I  n  — 

at  center  iwithin* Estimated  man 

:e.t. 

lEstima-* 

and  vapor 

t  on  animals 

of  20-yd. :20-yd. s  casualties 

tvalue 

ited  man (Estimated  man 

:  Animal 

jEstima- 

square  t square: 

i 

toasual- : 

oasualties 

i  casual- 

tted  man 

« 

« 

i 

i  ties  : 

:  ties 

icasual- 

i 

: 

« 

:  : 

: 

t  ties 

t 

:  $ 

: 

i  $  : 

% 

: 

:  i 

167  * 

0  :  42 

:  ,09 

i  87  : 

92 

:  N 

i  0 

169  i 

0  :  44 

:  ,10 

:  93  : 

96 

:  N 

t  0 

Total  and: 

i  i  62.7 

: 

1  907 

9&.6 

: 

~  35 

average  * 

i 

i 

:  : 

: 

t 

NOTE:  Symbols  used  in  column  7  to  designate  the  nature  of  the  animal 

casualties  are  explained  in  paragraph  6,jo. 

(1)  designates  rat  in  cage  on  ground.  ” 

(2)  designates  rat  in  oage  suspended  at  an  elevation  of  18  in. 


(g)  Somber  of  Shell  Esquired  to  Produce  50$  Masked 
Man  tlftsualties  per  100  Yard  Square. 

From  data  given  in  paragraph  9,jd,  (7),(f),<2  above,  it  was 
estimated  that  the  burst  of  8  shell  on  an  area"” of  10,000” eq.  yd.  would 
produoe  99.6$  casualties,  based  on  sample  data  and  32.0$  based  on  effects 
on  animals,  when  personnel  who  have  only  gas  mask  protection  are  exposed 
on  the  impact  area  during  firing  and  the  following  22  min.  On  this 
basis  the  following  number  of  shell  are  required  to  produoe  50$  oasualties 
when  man  is  protected  by  gas  mask  only. 

Based  on  3S  liquid  and  vapor  samples  -  4  shell 
Based  on  effects  on  animals  -  12,6  shell 

Average  -  6.'$  shell 

(8)  Conclusions.  From  the  results  of  the  present  test, 
the  following  conclusions  are  drawn  with  respect  to  the  use  of  166-mm. 
howitrer  shell  filled  with  HS  under  the  meteorological  and  terrain  condi¬ 
tions  of  the  test. 
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(a)  The  number  of  shell  required  per  100  yd.  sq. 
to  produce  60$  casualties  when  distributed  as  equally  as  practicable, 
are  as  follows} 

1*  When  man  protected  ty  gas  mask  and  standard 
impregnated  ole thing  is  exposed  during  the  firing  period  -  about  44  shell 
(see  page  71). 


2*  When  man  protected  by  gas  mask  only,  is 
exposed  on  the  target  for  ei  period  of  25  min.  including  firing  -  about 
8  shell  (see  paragraph  9#-d,(7), (g),  above). 

(b)  In  view  of  the  small  number  of  bursts  on  the 
target,  this  test  should  be  repeated* 

e.  Test  of  September  19,  1985. 

(1)  Object.  To  determine  the  number  of  HS-filled  155-mm. 
howitzer  shell  required  t'o  produce  50$  casualties  when  fired  about  1  hr. 
before  sunset  at  personnel  protected  by  gas  mask  only,  who  are  located 

in  wooded  country  and  remain  on  the  impaot  area  for  a  period  of  25  min. 
including  the  firing  period. 

(2)  Materials  Used.  Fifty  Mil,  156-eam.  howitzer  shell 
filled  with  HS  were  used  in  t he  test*  The  history  of  these  shell  and 
the  type  of  fuze  and  booster  used  are  given  in  paragraph  4. 

(3)  Target*  The  location  of  the  target  and  position  of 
vapor  sampling  machines,  panels  and  animals  were  the  same  as  in  previous 
teat  conducted  on  August  11,  1933. 

Chart  II,  shows  the  target  as  it  was  prepared  for  the  test 
with  position  of  animals,  panels  and  sampling  machines. 

(4)  Firing  of  Shell. 

(a)  Adjustment*  Twenty-two  shell  werei.used* 
Registration  fire  was  directed  ail:  a  position  about  200  yd.  west  of  the 
target*  Firing  started  at  4t01  p.m.  and  ended  at  4<36  p*m* 

(f)  Firing  for  Bffeot.  The  howitzers  were  ranged 
in  parallel  for  impact  on  a  line  through  the  short  axis  of  the  target* 
Firing  started  at  5  <10  p.m*  and  ended  at  6 <16  p*m*,a  period  of  6  min* 
Twenty-eight  shell  were  used* 
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A  photoetatie  copy  of  a  Memorandum  dated  September  19, 
1933  from  the  Battery  Commander  to  the  Commanding  Officer,  Bdgewood 
Arsenal  giving  firing  data  by  round,  is  attached  to  this  report. 

(6)  Meteorological  Conditiens. 


(a)  During  Firing  and  One  Hour  Following. 


Time 

5t20  p.m. 

5*40  p.m. 

6 100  p.m. 

6:26  p.m. 

Air  temperature,  °F. 

72 

70 

67 

66 

Ground  temperature,  °F. 

74 

72 

69 

68 

Relative  humidity, 

73 

77 

87 

87 

Wind  velooity,  m.p.h.* 

slight  drift 

:  only 

Wind  direction 

W 

SW 

N 

M 

Sky 

Partly  oloudy 

♦Recorded  at  an  elevation  of  6  ft. 


(b)  During  the  First  Ten  Days  Following  Firing. 


From  i 

Pemp. 

wr~ 

iRainfall * 

Cloudiness 

uznwmrm 

HEHC 

?wwv 

t  inohes 

*8  a.m. 

*10  a.m. 

*12  noon *2  p.m. 

*4  p.m. 

rrfmra  n 

86 

62  i 

6B^ 

*  .07 

i  .8 

* 

.1 

»  *8 

.7 

*  .2 

l 

68 

56  * 

82 

t  trace 

*  1. 

* 

1. 

*  1. 

1. 

i  .8 

53  * 

6i 

*  0 

i  .3 

* 

•5 

*  *8 

1. 

i  1. 

9/23*9/24. 

^ rr 

44  > 

88 

*  trace 

*  *9 

* 

1. 

*  *9 

•4 

*  l. 

jtmmm 

u 

81  : 

66 

*  0 

*  '  6 

* 

0 

*  0 

0 

*  0 

urnmn 

"ST” 

63  * 

68 

*  0 

i  <2 

* 

•  2 

i  .2 

•  3 

*  .1 

wmmi i 

64  t 

68" 

1  .12 

*  1. 

t 

1. 

*  1. 

1. 

>  l. 

jimmn 

85 

66  * 

71 

*  trace 

i  .3 

* 

•  3 

<  *2 

*  1. 

^4 

66  * 

79 

*  0 

*  *8 

t 

•9 

*  .1 

.5 

*  l. 

j^rpmin 

74 

53  i 

60 

t  .49 

«  .3 

* 

6 

*  6 

0 

*  0 

9/30*  * 

78 

56  * 

61 

*  0 

t  0 

* 

0 

*  .0 

.1 

i  .1 

(6)  Results. 


(a)  Impacts.  The  positions  of  impacts  are  shown 
on  Chart  21.  There  were  28'  impacts  accounted  for  on  and  around  the  target 
of  which  14  were  normal  bursts  on  the  target. 

Of  the  50  shell  fired  including  the  22  used  for  adjustment, 
there  were  7  duds  and  1  low  order  burst  noted. 
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(b)  Liquid  HS. 

1,  Site  of  HS  Drops.  The  paper  panels  on 

the  target  were  tabulated  7or  sire  o£  HS  drops.  Results  are  given  in 

the  following  tablet 


Table  No.  50. 

Number  of  Panels  Showing  Drops  of  0,1  mg.  or  Larger. 


Panel 

t 

No 

.  of  HS 

drops 

no. 

tO. 

1  to 

iOver  0,6  tOver  1*0  tOver  3,0 

;0. 

5  m§. 

tto 

1,0  mg. 

to  3,0  mg*  t 

it 

t 

r 

t 

2 

t 

31 

t 

t 

1 

t 

35 

t 

98 

t 

33 

11  t 

41 

t 

26 

t 

6 

t 

45 

t 

7 

t 

7 

7  t 

5 

52 

t 

5 

t 

1 

t 

69 

t 

4 

t 

2 

3  t 

1 

70 

t 

5 

t 

3 

1  t 

1 

71 

t 

t 

2 

t 

73 

t 

t 

1 

t 

80 

t 

7 

t 

7 

1  t 

81 

t 

21 

t 

11 

t 

82 

t 

9 

t 

5 

t 

83 

t 

t 

1  : 

84 

t 

3 

• 

• 

t 

86 

t 

7 

• 

4 

2  t 

1 

87 

t 

17 

t 

7 

t 

88 

: 

99 

t 

t 

89 

t 

15 

t 

4 

t 

91 

: 

t 

1 

2  t 

93 

t 

t 

1 

1  t 

95 

• 

• 

21 

t 

3 

t 

98 

t 

5 

: 

2 

t 

99 

t 

25 

t 

12 

106 

t 

80 

• 

« 

15 

: 

110 

t 

3 

t 

2 

t 

117 

t 

59 

t 

11 

t 

129 

t 

1 

t 

t 

130 

t 

16 

t 

3 

2  t 

131 

t 

3 

t 

i 

132 

• 

• 

12 

t 

3 

t 

141 

> 

2 

s 

t 
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TablsNojSO  (ContM. ) 


Panel: 

No. 

of  HS  drops 

no,  :0,1  to 
:0.5  mg. 

:0ver  0, 
:to  1,0 

5  :dver  i,0 
mg, ?to  3,0  mg. 

(Over  3,0 

142* 

7 

* 

3 

: 

• 

• 

143: 

16 

: 

5 

: 

153: 

2 

: 

: 

156: 

4 

: 

: 

157: 

5 

: 

: 

198: 

: 

: 

1 

206: 

: 

: 

1 

207: 

• 

:  1 

1 

208: 

6 

: 

2 

209: 

25 

• 

e 

25 

:  25 

210: 

2 

• 

• 

: 

211: 

25 

: 

15 

: 

212: 

15 

* 

5 

216: 

3 

: 

: 

219: 

15 

: 

220: 

25 

: 

: :  2 

1 

226: 

: 

:  1 

227: 

: 

:  1 

228: 

12 

: 

7 

:  1 

3 

229: 

2 

: 

: 

230: 

: 

3 

• 

• 

231: 

: 

4 

: 

(°)  Estimated  Man  Casualties  from  Liquid  HS, 

1,  Man  Protected  by  Gas  Mask  but  without 
Protection  of  Impregnated  Clothing, 

The  paper  panels  on  the  target  were  tabulated  for  density 
of  pattern  using  the  pattern  scale  attached  to  this  report.  Results 
are  tabulated  in  the  following  table  together  with  estimated  man  casual¬ 
ties,  The  basis  of  estimated  casualties  is  explained  in  paragraph  6, a. 
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Table  No.31 


Estimated  Man  Casualties  from  HS  Liquid  Based  on  Panel  Data. 


PattemiFanels  class  if  led  (Estimated  casualties 
t  No.  iPer  cent  of  if or  man  protected  by 
t  itotal  on  i  gas  mask  only 

i  i  target  i 

i 

• 

% 

Heavy  : 

32 

( 

13.9 

i 

13.9 

Medium  i 

24 

i 

10.4 

( 

10.4 

Light  i 

33 

i 

14.3 

i 

11.4 

Trace  i 

53 

i 

22.9 

i 

13.7 

No  HS  i 

89 

i 

38,5 

i 

fatal  T 

TsT 

i 

ldo.oo 

i 

4$.  4  ™"~ 

2.  Man  Protected  by  Gas  Mask  and  Standard 
”  Impregnated  clothing. 

From  results  in  Table  No.  30,  a  tabulation  is  given  in 
Table  No.  32  of  panels  showing  ES  drops  of  0.5  mg.  or  larger  together 
with  estimated  casualties  for  nan  protected  by  gas  mask  and  standard 
impregnated  olothing.  The  basis  of  estimated  casualties  is  explained 
in  paragraph  6, a, (2)# 


Table  No.  32. 

Estimated  Man  Casualties  from  HS  Liquid  Based  on  Panel  Data. 


Site  of  HS  drop8iNo.  of 
tpanels 

i 

(Estimated  casualties  tor  man 
ipro tooted  by  gas  mask  and 
s standard  impregnated  clothing 

mg.  i 
One  drop  or  morei 
between  0.5  to  i 

23 

iper  panel  ^(target  area  % 
i  40  i  4.0 

i  i 

1.0  but  with  no  i 
drop  exceeding  i 

1.0  i 

i 

i 

i 

i 

i 

i 

6ne  drop  or  mores 
exceeding  1.0  i 

Tr_ 

~t  1(36 

i 

i 

i 

3.2 

'  Total  r 

15”“ 

i 

i 

12.2 

Total  panels  on  target  -  231 
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(d)  Estimated  Masked  Man  Casualties  from  HS  Vapor. 


Vapor  samples  were  taken  at  positions  shown  on  Chart  II, 

In  Tables  No,  33,  33A,  34  and  34A,  whioh  follow,  the  vapor  concentration, 
c.t,  value  and  per  oent  estimated  casualties  from  effects  of  HS  vapor 
for  man  proteoted  by  gas  mask  only,  are  given  for  each  sampling  position. 
The  basis  of  estimated  casualties  is  explained  in  paragraph  6,b. 

_1,  Firing  Period  and  Following  22  Minutes, 
Table  No,  33, 

Estimated  HS  Vapor  Casualties  on  Target, 


Sampling {Elevation :Vol,  of*  HS 
position*  of  lair  sam-js&mpled 

t  sample  *  pled  * 

Vapor* 
concn. t 

* 

o,t.  *Es-feimated  casualties  for 
value  *man  proteoted  by  gas  mask 
*  only 

: 

ft. 

*  liters  t 

mg. 

mg./1!.  * 

* 

fc 

C  * 

1 

t  850  t 

16.5 

,0194* 

.49 

* 

100 

F  * 

1 

*  826  * 

12,3 

.0154* 

.38 

* 

100 

0  * 

0 

t  836  t 

10,8 

.0129* 

.32 

« 

• 

100 

J  * 

0 

*  216*  * 

1.2 

.0111* 

,28 

* 

100 

K  t 

1 

*  800  t 

4.2 

.0062  * 

.13 

* 

100 

N  * 

1 

t  826  * 

14,1 

,0171* 

.43 

* 

100 

0  * 

0 

*  836  t 

4,4 

.0062* 

.13 

• 

• 

100 

R  t 

0 

*  814  * 

2.4 

,0030* 

.07 

* 

73 

S  * 

1 

*  212*  * 

0,6 

.0057* 

.14 

* 

100 

A vl  SW.O 


NOTE*  *Sanpling  machine  stopped  6  min,  after  firing  began  due 
to  effects  of  §.  shell  burst. 
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Table  No.  33A, 


Estimated  HS  Vapor  Casualties  at  Positions  Outside 


Sampling 

Elevation iVol . 

i 

mmm 

tVapor  i 

Oft# 

(Estimated  casualties 

position 

of 

:air  a am- 

•(sampled 

:  ooncn. :  value 

:for 

man  protected  by 

sample 

: 

Pled 

t 

i 

• 

• 

:  gas  mask  only 

ft. 

: 

liters 

i 

mg. 

img./l.  : 

: 

% 

D 

0 

i 

425 

t 

0.6 

i 

,0014i 

.04 

: 

50 

1 

i 

425 

: 

1.0 

t 

.0023  : 

,06 

: 

66 

2 

< 

425 

: 

1.4 

• 

• 

,0033s 

.08 

: 

80 

4 

: 

425 

i 

1.6 

: 

.0038 i 

.09 

: 

87 

E 

0 

< 

413 

: 

1.0 

• 

e 

,0024s 

.06 

• 

• 

66 

1 

t 

413 

1 

1.6 

i 

.0039: 

.10 

: 

93 

2 

i 

413 

• 

e 

2.0 

t 

.0048: 

.12 

: 

100 

4 

t 

413 

• 

• 

2.0 

t 

.0048 : 

.12 

: 

100 

H 

HUB 

s 

i 

2.0 

i 

B 

.12 

: 

“165 

: 

418 

i 

2.4 

: 

.0067: 

.14 

: 

100 

< 

418 

• 

• 

2.8 

i 

.0068: 

.17 

: 

100 

i 

413 

t 

2.6 

t 

,0062: 

.15 

: 

100 

I 

0 

• 

• 

425 

i 

1.0 

i 

.0024: 

.06 

: 

66 

l 

t 

425 

t 

0.8 

i 

.0019: 

.06 

: 

58 

2 

< 

425 

I 

0.8 

> 

.0019: 

.06 

: 

58 

4 

: 

425 

t 

0.8 

s 

.0019: 

.05 

: 

58 

L 

0 

J 

400 

: 

4.6 

: 

.6115: 

.29 

: 

"166 

1 

: 

400 

i 

5.2 

i 

.0130: 

,32 

i 

100 

2 

t 

400 

t 

6.4 

• 

• 

,0160: 

,40 

: 

100 

4 

i 

400 

4.2 

: 

.0106: 

.26 

: 

100 

M 

0 

< 

1.0 

i 

.0024: 

.06 

: 

66 

1 

: 

0.6 

t 

.0014: 

.04 

: 

50 

2 

t 

0.6 

: 

.0014: 

.04 

: 

50 

4 

• 

• 

0.4 

: 

.0010: 

.02 

: 

30 

P 

0 

i 

416 

t 

4.2 

t 

,6i00 : 

725" 

: 

100  “ 

1 

i 

418 

{ 

6.2 

i 

.0124: 

.31 

100 

2 

i 

418 

t 

6.2 

: 

.0124: 

.31 

: 

100 

4 

> 

418 

i 

6.2 

> 

.0148: 

.37 

: 

100 

Q 

0 

t 

t 

0.4 

> 

: 

30 

1 

t 

407 

» 

0.4 

• 

• 

,0010: 

.02 

: 

2 

< 

407 

t 

0 

: 

0  : 

0 

: 

0 

4 

t 

407 

t 

0 

i 

0  : 

0 

: 

0 

T 

0 

< 

418 

t 

2,8 

} 

HBB 

.If 

: 

1 

< 

418 

i 

1.8 

i 

,0043: 

.11 

: 

100 

2 

t 

418 

t 

2.0 

t 

.0048: 

.12 

: 

100 

4 

418 

3.2 

.0076: 

.19 

: 

100 
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From  the  32nd  to  67th  Minute  After  Firing 


Table  No.  34. 


Estimated  HS  Vapor  Casualties  on  Target. 


Sampling  (Elevation *Vol.  of 
position*  of  jair  sam- 

:  sample  t  pled 

»  HS  »  Vapor t 

(sampled rconcn. * 

t  t  i 

o.t. (Estimated  casualties 
value tfor  man  protected  by 
t  gas  mask  only 

* 

ft. 

i  liters 

>  mg* 

img./l.t 

t 

% 

C  i 

1 

t  1252 

i  5.4 

t  .0043i 

•  15  i 

100 

F  : 

1 

*  1216 

>  4.0 

1  .0033 1 

.11  . 

100 

G  t 

0 

t  1236 

*  3.8 

i  .0031i 

.11  * 

100 

E  t 

1 

t  1180 

t  3.6 

»  .0030* 

.11  t 

100 

N  t 

1 

i  1216 

t  16.5 

t  .0135 i 

.47  ( 

100 

0  * 

0 

*  1272 

t  2.8 

t  ,0022 t 

.08  t 

78 

H  j 

0 

i  1196 

t  0.4 

t  .0003: 

.01  t 

11 

At. 


64.1 


Table  No.  34A. 


Estimated  HS  Vapor  Casualties  at  Positions  Outside 
of  Target.  * 


i Elevation tvol.  of 

i 

T?S 

(Vapor  ( 

o.t.  (Estiimied  casualties  for 

position 

(  of 

talr  same 

(sampled 

(oonon. r 

value (man  protected  by  gas 

t  8  ample 

i 

pled 

( 

(  t 

(  mask  only 

i  ft. 

i 

liters 

( 

mg. 

nag./1!.  ( 

( 

To 

D 

i  0 

i 

626 

( 

1.2 

(  .0019 ( 

.07  ( 

73 

t  1 

i 

626 

( 

1.4 

(  .0022  * 

.08  ( 

80 

i  2 

t 

626 

( 

1.4 

.*  .0022  ( 

.08  ( 

80 

i  4 

i 

626 

( 

1.4 

*  .0022 ( 

.08  ( 

80 

E 

t  0 

( 

§08 

( 

0.4 

(  .0007* 

.02  t 

36 

:  1 

* 

608 

( 

0.8 

(  .0013 ( 

.06  * 

58 

(  2 

: 

608 

( 

0.8 

(  ,0013* 

.05  * 

58 

t  4 

< 

608 

( 

0.8 

t  ,0013* 

.05  ( 

58 

H 

t  0 

t 

613 

( 

1.6 

(  .0026* 

•  09  ( 

87 

(  1 

i 

618 

t 

2.2 

(  .0036 ( 

.12  ( 

100 

i  2 

l 

613 

( 

2.2 

(  .0035 ( 

.12  ( 

100 

t  4 

1 

618 

* 

(  ( 

( 

I 

t  0 

• 

« 

608 

( 

o 

(  0  t 

0  t 

6 

i  1 

l 

608 

( 

0 

t  0  ( 

0  ( 

0 

i  2 

t 

608 

( 

0 

*  0  ( 

0  ( 

0 

1  4 

1 

608 

( 

0,4 

(  .0006 ( 

.02  * 

30 
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Table  No,  34A.  (Cont’d. ) 


SamplingtElevaiiomVol.  of 
position:  of  lair  smm* 

:  sample  :  pled 

7“ls — 

isampled 

: 

ivapor  i 
toonon. : 

:  : 

o.t. 

value 

jEetimted  casualties 
:for  man  protected  by 
:  gas  mask  only 

QEiSHE 

liters 

: 

mg. 

img./l.  : 

: 

% 

L 

:  0  : 

590 

: 

2.0 

:  .0034: 

.12 

: 

100 

:  1  : 

590 

i 

1.6 

:  .0030: 

.11 

: 

100 

:  2  i 

590 

: 

2*4 

:  .0040: 

•  14 

: 

100 

i  4  i 

590 

i 

1.8 

:  .0030: 

.11 

: 

100 

P 

:  6  i 

636 

: 

4  .k 

rwRPEHi 

.2sr 

: 

100“'“'“ 

:  1  : 

636 

* 

4.2 

:  .0066 : 

.23 

: 

100 

:  2  i 

: 

4.2 

:  .0066: 

.23 

: 

100 

:  4  : 

636 

: 

3.0 

:  .0047: 

.17 

: 

100 

T 

i  0  : 

: 

1.2 

: 

It 

:  1  i 

618 

: 

0.6 

:  .0010: 

.03 

: 

42 

:  2  : 

618 

: 

1.2 

:  .0019: 

.07 

> 

73 

i  4  : 

618 

0.4 

:  .0006: 

.02 

: 

30 

Sandies  taken  at  stations  M  and  Q  showed  negative  results* 


(e)  Estimated  Man  Casualties  Based  on  Effects 
on  Animals . . " .  . '  . 


Animals  consisting  of  goats  and  rats  were  placed  on  the 
target  at  positions  shown  on  Chart  II.  Animal  casualties  and  estimated 
man  casualties  for  man  protected  by  gas  mask  only,  are  given  in  Tables 
No.  35 A,  36B  and  36C.  Animal  casualties  and  estimated  man  casualties, 
based  on  effects  on  animals,  are  shown  on  Charts  51  and  31.  The  basis 
of  estimated  casualties  and  the  symbols  used  in  the  tables  and  on  the 
oharts.  to  designate  the  nature  of  the  animal  casualties  are  explained 
in  paragraph  6,e. 
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Firing  Period  and  Following  22  Minutes 


Table  No.  35A. 


Estimated  Masked  Man  Casualties  Based  on  Effects  on  Rats 
Suspended  ai  an  Elevation  of  18  in. 


Position 

of 

stake 

*  Nature 
i  of 

t oasualty 

(Severity  (Estimated  man  cas- 
<  of  t  ualties 

i oasualty x 

17 

i 

t  H 

i 

i  « 

(Death  int 
t  2  days  t 

% 

100 

41 

~t  Irs~ 

t 

(Death  int 
t  4  days  t 

loo 

81 

>  s 

(Medium  : 

160  “ 

106 

iNo  reo- 
t  ord 

(Death  int 
t  1  day  t 

100 

2l3 

t  ERS 

t 

(Death  int 
t  3  days  t 

“TO 

Total  suspended  rat  positions  -  25 
Estimated  man  oasualty  positions  -  5 
Per  cent  estimated  man  oasualties  -  20 


Table  No.  35B. 

Estimated  Masked  Man  Casualties  Based  on  Effects  on  Hats 


in  Ci 

ages  on  Ground. 

41 

t 

t 

ERS 

(Death  int 
t  2  days  t 

“TO 

81 

t 

t 

er£ 

(Death  int 
t  4  days  t 

~T5o~ 

105 

t 

t 

ERS 

(Death  int 
t  2  days  t 

100 

l4£ 

i 

“erS 

t  Medium  t 

166 

Total  rata  in  cages  on  ground  -  13 
Estimated  man  oasualty  positions  -  4 
Per  oent  estimated  man  oasualties  »  30.8 
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Table  No.  36C 


Estimated  Masked  Man  Casualties  Based  on  Effeots  on  Goats. 


Position <  Nature  {Severity (Estimated  man  cas- 
of  s  of  :  of  <  unities 
stake  (casualty {casualty i 

16 

: 

> 

t 

ER 

•  t 

{Death  in( 

(  6  days  i 

% 

100 

19 

< 

• 

• 

ER 

(Death  in( 

(  3  days  ( 

““I5o 

& 

i 

R 

(  Medium  ( 

100 

43 

i 

ER 

(  Medium  : 

6 

fid 

< 

E 

iiiraoni 

6 

63 

> 

ER 

(  Medium  { 

“““  1  6 1 

— W~ 

t 

t 

-nr 

(  Death  ( 
(in  5  da. ( 

- 155 - 

8 1 

i 

ER 

BistEn 

0 

nr? 

< 

E 

(  Light  ( 

6 

131 

i 

ER§ 

amsEMM 

I6o 

147 

s 

E 

(  Light  ( 

6 

ifii 

t 

ER 

(  Medium  t 

5  . 

~TST“ 

i 

E 

(  Light  * 

6 

sir- 

i 

E 

(  Light  t 

6 

2id 

£R 

0 

Total  goats  exposed  -  25 

Estimated  man  casualty  positions  -  5 

Per  cent  estimated  man  casualties  -  20 


_2.  Seventh  and  Tenth  Days  After  Firing. 

(ja)  Seventh  Day  After  Firing. 

Two  goats  were  exposed  in  shell  craters  located  between 
stakes  145  and  147  for  a  period  of  24  hr.  on  the  seventh  day  after 
firing.  Goat  casualties  and  estimated  casualties  for  man  protected 
by  gas  mask  only  are  as  follows  t 

Goat  No.  103  -  ER  light  -  no  man  oasualty 
Goat  No.  127  -  E  light  -  no  man  oasualty 
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(b)  Tenth  Day  After  Firing 


Two  goats  were  exposed  in  shell  oraters  located  between 
stakes  145  and  147  for  a  period  of  24  hr*  on  the  tenth  day  after  firing. 
Both  of  these  goats  showed  negative  results* 

(7)  Discussion. 

(a)  Shell  Distribution* 

The  positions  of  impacts  on  and  around  the  target  are- 
shown  on  Chart  21*  There  were  14  normal  ground  bursts  on  the  target 
and  two  bunts  east  of  the  target  which  were  partly  effective  on  the 
target.  It  is  estimated  that  the  effects  of  these  two  shell  east 
of  the  target  were  equivalent  to  one  buret  directly  on  the  target 
so  that  on  this  basis  total  effeots  on  the  target  were  equivalent  to 
the  burst  of  16  shell* 

(b)  Impact  Area. 

For  purposes  of  discussion  the  impact  area  may  be  re¬ 
garded  as  that  part  of  the  target  represented  by  the  20-yd.  squares 
listed  in  Table  No.  36.  The  impact  area  is  shown  on  Chart  21. 

(°)  Estimated  Casualties  from  Liquid  HS. 

1.  Effeots  of  Mctecrolftgloal  Conditions. 

The  wind  velocity  over  the  target  during  firing  was  sero 
so  that  distribution  and  casually  effect  of  liquid  BS  were  not  affected 
at  all  by  meteorological  conditions. 

_2.  Effects  of  Terrain. 

All  shell  bursts  on  the  target  were  ground  hirsts  so  that 
each  burst  represented  a  normal  bunt  in  open  country.  The  location 
of  the  target  in  woods  in  the  pnsent  test,  had  little  or  no  effeot 
on  the  total  area  covered  by  the  liquid  HS,  other  than  effects  due  to 
a  retarded  wind  velooity. 


Man  Protected  by  Gas  Mask  but  without 
Protection  of  Impregnated  Clothing. 

From  results  in  Table  No.  31  it  is  estimated  that  personnel 
protected  by  gas  mask  only  would  experience  about  49.4/5  casualties  from 
liquid  HS,  if  they  are  equally  distributed  over  the  target  and  remain  there 
during  the  firing  period.  The  liquid  HS  on  the  target  was  due  to  the  burst 
of  16  shell.  On  the  basis  of  15  shell  on  an  area  of  20,000  sq.yd.  to 
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produoe  49a4$  casualties  from  liquid  HS  when  personnel  are  protected  by 
gas  mask  only,  it  will  require  7.6  shell  per  100  yd.  sq.  to  produoe 
50$  casualties. 


4.  Man  Protected  by  Gas  Mask  and  Standard 
“  Impregnated  Clothing. . .  — 

From  results  in  Table  Ho.  32  it  is  estimated  that  personnel 
protected  by  gas  mask  and  standard  impregnated  clothing  who  are  exposed 
on  the  target  during  the  firing  period  will  experience  about  12,2??  casual¬ 
ties,  if  equally  distributed  over  its  area.  On  this  basis  it  will  re¬ 
quire  about  30.7  shell  per  100  yd.  sq.  to  produce  60$  casualties. 

(d)  Effects  of  HS  Vapor. 

_1.  Discussion  of  Mcfceoro logical  Conditions. 

During  the  test,  the  air  temperature  was  71 °F.  and  there 
was  almost  no  air  travel.  These  conditions  were  almost  identically 
the  same  as  in  the  previous  test  (Test  of  August  11,  1933)  whioh  is 
discussed  in  paragraph  9,d,(7),(d),l, 

2.  Firing  Period  and  Following  22  Minutes, 

(a)  On  Target. 

Results  of  vapor  samples  taken  at  9  sampling  positions 
on  the  target  are  given  in  Table  No.  33  for  the  firing  period  and  follow¬ 
ing  22  minutes.  The  vapor  concentration  for  each  20-yd.  square  of  the 
target  was  figured  from  results  in  this  table  taking  into  consideration 
the  positions  of  nearest  impacts  and  wind  direction.  These  results  are 
given  in  the  fifth  oolumn  of  Table  No.  36.  From  the  average  of  the 

figures  in  the  fifth  column,  it  is  estimated  that  personnel  with  gas  mask 
protection  only,  would  experience  about  97.9$  casualties  if  exposed  on 
the  target  during  firing  and  the  following  22  min. 

Per  cent  estimated  casualties  from  effects  of  HS  vapor 
is  shown  graphically  on  Chart  31.  The  shaded  area  on  the  chart  represents 
that  part  of  the  target  on  which  it  is  estimated  100$  casualties  would 
be  produced  by  effects  of  HS  vapor  when  man  is  protected  by  gas  mask 
only. 


Outside  of  Target. 


Estimated  casualties  at  sampling  positions  downwind  from 
the  target  are  given  in  Table  No.  33A.  Results  show  estimated  casualties 
varying  at  the  different  positions  from  about  30  to  100$  from  effects  of 
ES  vapor  for  personnel  protected  by  gas  mask  only,  who  are  exposed  30  yd. 
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downwind  from  the  impact  position  during  firing  and  the  following 
22  min. 


— •  From  the  52nd  to  67th  Minute  After  Firing, 

(a)  On  Target, 

From  results  of  vapor  samples  in  Table  Ho.  34,  it  is 
estimated  that  personnel  protected  by  gas  mask  only  would  experienoe 
about  84.1$  casualties  from  effects  of  HS  vapor  if  they  are  equally 
distributed  over  the  target  and  exposed  fron  the  32nd  to  67th  min. 
after  firing.  Estimated  casualties  for  this  period  are  shown 
graphically  on  Chart  3al, 


(£.)  Outside  of  Target, 

Estimated  vapor  casualties  are  given  in  Table  No.  33A 
based  on  results  at  sampling  positions  30  yd,  downwind  from  the  target 
for  the  period  between  the  32nd  and  67th  min,  after  firing.  Estimates 
from  these  results  vary  from  about  30  to  100$  casualties  for  man  pro¬ 
tected  by  gas  mask  only  who  are  exposed  from  the  32nd  to  67th  min. 
after  firing. 

(e)  Estimated  Man  Casualties  Based  on  Effects  on 
Animals. 

JL,  Firing  Period  and  Following  22  Minutes. 

Animal  casualties  and  estimated  man  casualties  on  the 
target  resulting  from  exposure  during  firing  and  the  following  22  min. 
are  given  in  Tables  No.  36A,  56B,  and  35C.  The  results  in  these  three 
tables  are  consolidated  in  the  last  two  columns  of  Table  No.  36.  From 
the  consolidated  results  it  is  estimated  from  animal  casualties,  that 
personnel  protected  by  gas  mask  only  would  experience  22$  casualties  if 
exposed  on  the  target  during  firing  the  following  22  min.  In  arriving 
at  per  oent  estimated  man  casualties,  no  weight  was  given  to  the  large  number 
of  animal  oasualties  which  individually,  were  not  considered  the  equivalent 
of  a  man  casualty. 


_2*  Persistence  of  HS  on  Impact  Area. 

Results  given  in  paragraph  9,_c,(6),(e),2  show  two  slight 
animal  casualties  out  of  two  animals  exposed  in  shell  oraters  for  a 
period  of  24  hr.  on  the  seventh  day  after  firing  but  no  animal  oasualties 
out  of  two  saimals  exposed  on  the  10th  day  after  firing. 
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(a)  On  Seventh  Day  After  Firing. 

The  animal  casualties  on  the  seventh  day  after  firing 
indicate  that  the  impact  area  could  not  be  occupied  by  personnel  for 
a  period  of  24  hr*  without  experiencing  casualties  unless  they  are 
protected  by  gas  mask  and  impregnated  clothing. 

(b)  On  the  10th  Day  After  Firing. 

From  the  animal  results  it  is  probable  that  the  impact 
area  oould  be  oocupied  by  personnel  without  gas  protection  on  the  10th 
day  after  firing,  provided  shell  orators  were  avoided. 

(f }  Comparison  of  Per  Cent  Estimated  Masked  Man 

Casualties  Based  on  Measurements  of  thecas 
Concentration  and  by  ils  Effects  on  Animals. 

1.  On  Target  (100  yd.  by  200  yd.) 

In  Table  No.  36,  estimated  man  casualties  are  given  for 
each  20  yd.  sq,  representing  an  animal  position,  based  ont 

HS  liquid  determined  by  panel  data. 

HS  vapor  determined  by  vapor  samples 

Combined  effects  of  HS  liquid  and  vapor  from  sample  data 

From  effects  on  animals 
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Table  Ho,  36. 


Estimated  Casualties  on  Target  on  Exposure  During  Firin 


a 


Sept.  19.  1933. 


axe  no. i Impacts j 
at  center rwi thin  i 
of  20-yd. :20-yd.  i 
square  t  square i 


erre 
on  animals 


ted  man 
casual* 
ties 


Table  No,  56  (  Cont'd.) 


(From  effects 
ton  animals 
t  Animal  tEstima- 
(casual*  tted  man 
t  ties  toasual- 
t  i  ties 

< 

i 

% 

5 

^  . 

% 

t  t 

% 

123  t 

0  t 

35 

i  *20 

100  1 

100 

t  N  t 

0 

125  t 

0  t 

22 

i  *30 

100  t 

100 

t  N  t 

0 

127  i 

0  t 

31 

<  .15 

100  t 

100 

(Light  E  t 

0 

129  i 

0  : 

82 

t  .15 

100  : 

100 

t  N  t 

0 

131  : 

2  : 

73 

t  .30 

100  * 

100 

tMod.  ERSt 

100 

146  t 

1  i 

35 

i  .20 

100  t 

100 

t  N  t 

0 

147  * 

0  < 

20 

t  .30 

100  t 

100 

(Light  E  t 

0 

149  i 

0  t 

20 

:  .13 

100  i 

100 

(Mod.  EBSt 

100 

i 

t 

: 

t 

«  (1)  « 

151  t 

1  i 

73 

i  .15 

100  i 

100 

(Mod.  ER  : 

0 

153  t 

0  t 

86 

i  .20 

100  i 

100 

t  N  t 

0 

167  i 

0  : 

46 

i  .20 

100  t 

100 

(Light  E  t 

0 

169  t 

0  t 

60 

>  .43 

100  t 

100 

t  N  : 

0 

171  i 

0  t 

13 

t  .30 

100  1 

100 

t  N  t 

0 

173  i 

0  : 

33 

:  .13 

100  t 

100 

t  N  t 

0 

175  i 

0  < 

80 

:  .10 

100  * 

98 

t  N  t 

0 

189  i 

0  t 

7 

:  .10 

93  t 

93 

t  N  t 

0 

191  t 

0  i 

20 

i  .20 

100  t 

100 

t  N  t 

0 

193  i 

0  t 

7 

i  .15 

100  i 

100 

t  N  t 

0 

196  i 

0  t 

33 

i  .13 

100  » 

100 

:  N  t 

0 

197  i 

0  t 

75 

<  .10 

93  t 

98 

t  N  : 

0 

211  t 

0  t 

31 

:  .04 

60  i 

68 

(Light  E  t 

0 

213  : 

0  : 

11 

t  .07 

73  » 

76 

(Death  ERS 

100 

215  t 

0  t 

35 

t  .10 

93  t 

95 

t  N  t 

0 

217  i 

0  t 

64 

t  .14 

100  i 

100 

(  N  t 

0 

219  t 

3  t 

95 

i  •  20 

100  : 

100 

(Mod.  ER  t 

0 

MMMTfigll 

14  i 

4'M 

t 

$1.9 1 

50 

t  t 

it 

average  t 

< 

t 

< 

t  : 

NOTE i  Symbols  used  in  column  7  to  designate  the  nature  of  the  animal 
casualties  are  explained  in  paragraph  6,c. 

(1)  designates  rat  in  cage  on  ground. 

(2)  designates  rat  in  oage  suspended  4t  an  elevation  of  18  in. 
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Results  In  Table  No.  36  show  98.6j£  easualtles  based  on 
sample  data  and  22$  based  on  animal  data.  It  will  be  noted  in  the 

table,  that  no  weight  was  given  in  the  final  average  to  a  large  number 
of  animal  casualties  which  were  not  severe  enough  individually  to  be 
classed  as  the  equivalent  of  a  man  casualty  requiring  evacuation  for 
hospitalization. 


2,  On  Impact  Area  (16,200  sq.yd.). 

The  impact  area  as  defined  in  paragraph  9,e#(7),(t>) 
is  shown  on  Chart  21  and  the  20-yd .  squares  included  within  its  aTea 
are  tabulated  in  Table  No.  37.  On  its  area  of  15,200  sq.yd.,  there 
were  14  bursts  and  effects  from  two  other  bursts,  outside  of  the  target, 
estimated  as  equivalent  to  one  additional  burst,  making  a  total  of 
15  bursts.  Results  show  99.9$  estimated  casualties  based  on  sample 
data  and  26.3$  based  on  animal  data. 


Table  No.  87. 


Impact  Area  -  (15,200  sq.yd.). 


Stake  no.  {Impacts  :From  HS  liquid  (From  HS  vapor 
at  center twithin  {Estimated  man  :  o.t. (Estima- 
of  20-yd. i 20-yd.  :  casualties  {value {ted  man 
square  {  square {  {  joasual- 

{i  t  {  ties 

{  {  {  { 

{Prom  HS  liquid  t^rom  ejects 
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Table  Ho,  37  (Cont'd.) 
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ROTE i  Symbols  used  in  column  7  to  designate  the  nature  of  the 
animal  casualties  are  explained  in  paragraph  6,c. 

(1)  designates  rat  in  cage  on  ground.  — 

(2)  designates  rat  in  cage  suspended  at  an  elevation  of  18 


m. 


(g)  Number  of  Shell  Required  to  Produce  60% 

Masked  Man  Casualties. 

From  data  given  in  paragraph  9, e,(7), (f ),2  it  was  estimated 
that  the  burst  of  16  shell  on  an  area  of  15,20$  sq.yd.  would  produce 
99.9%  casualties,  based  on  sample  data  and  26.3%  based  on  effects  on 
animals  when  personnel  who  have  only  gas  mask  protection  are  exposed  on 
the  impact  area  during  firing  and  the  following  22  min.  On  this  basis 
the  following  number  of  shell  are  required  per  100  yd.  square  to  produce 
50%  casualties  when  man  is  protected  by  gas  mask  onlyt 

Based  on  HS  liquid  mid  vapor  samples  «-  4.9 
Based  on  effects  on  animals  -  18.6 

Average  -  ll.f 

(8)  Conclusions.  From  the  results  of  the  present  test, 
the  following  conclusions  are  drawn  with  respect  to  the  use  of  155-mm.  howitzer 
shell  filled  with  HS  under  the  meteorological  and  terrain  conditions  of  the 
test. 


(a)  The  number  of  shell  required  per  100  yd.  square 
to  produoe  50%  casualties  whan  distributed  as  equally  as  practicable,  are 
as  follows t 


1.  When  man  protected  by  gas  mask  and  standard 
impregnated  clothing  is  exposed  during  the  firing  period  -  about  31  shell 
(see  paragraph  9,_e, (7)^c),4). 

2.  When  man  protected  by  gas  mask  only,  is  exposed 
on  the  target  for  a  periodTof  25  min.  including  firing,  about  12  shell 

(see  paragraph  9^e,(7),(g),  above). 

9.  General  Discussion. 

t.  Duds.  Of  the  207  shell  used  in  the  five  tests  discussed 
in  this  report,  there  were  38  duds  or  an  average  of  18.3%. 
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b,  Results.  From  the  results  of  the  tests,  the  following 
number  of  shell  are  required  per  100  yd.  square  to  produoe  EOf0  casualties, 
depending  on  terrain  and  meteorological  conditions. 

For  man  protected  by  gas  mask  only,  from  6  to  14  shell. 

For  man  protected  by  gas  mask  and  standard  impregnated 
clothing,  from  20  to  72  shell, 

o.  Future  Tests#  It  is  believed  that  sufficient  tests  of 
HS-filled  l5 5-ana.  hcori tier  shell  have  been  conducted  to  determine  the 
number  of  ehell  required  for  effective  results  under  different  terrain 
and  meteorological  conditions.  It  is  believed  that  a  study  should  be 
made  of  the  results  of  the  9  tests  oonducted  and  that  an  E.A.T.  report 
be  prepared  thereon. 

10.  Recommendations , 


That  an  E.A,T.  report  be  prepared  oovering  the  9  teste 
of  HS-filled  165-mm.  howitzer  shell  whioh  have  been  conducted. 


Submitted  by 

/%/  B.G.  Maeintire, 

fe.fr.  ukcmmy  - 

Test  Seotion, 

Munitions  Development  Division. 


Report  of  test  of  HS-Filled 
155-am.  Howitter  Shell 
Tests  ttE"  to  "I"  inclusive 
Year  1933 


Approval  recommended 


/>/  Charles  E.  Louoks, 

ms  s:  Tawg; — 


Captain,  C.W.S., 

Chief,  Munitions  Development  Division. 


Typed  nem 
December  12,  1935 


Approved 


/s/  Charles  E.  Loucks, 

feaaM  fi.  tSwisr, 

Captain,  C.W.S., 

Acting  Technical  Director. 


Appendix  F 


-  98 


CC3/fob 


BATTERY  rtC"  SIXTH  FIELD  ARTILLERY 
Fort  Hoyle,  Maryland. 

June  30,  1933. 


miiiC  :  To  Captain  C.E,  Loucks.  C.W.S. 


The  following  record  of  the  Mustard  3as  Shoot  performed  by 
this  battery  on  June  15,  1933  is  submitted. 

REGISTRATION 

Weather  Clear,  gentle  wind  from  Initial  data  corrected  for 

drift  only.  Registration  point  140  yards  East  of  East  side  of 
impact  area  at  center  ranee.  First  round  fired  at  4:50  p.il^ 


Btry  adj  B.D.  Right 
28  on  No. 4  open, 5, 
Shell  M.3.  fuse  long 
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BATTERY  "0"  SIXTH  FIELD  ARTILLERY 

Fort  Hoyle,  Maryland.  CCB/fob 

May  32,  1933. 

HO  :  To  Captain  C.E.  Louoks,  C.R.8. 

Tha  following  report  is  submitted  as  a  record  of  the  Mustard 
•  Shoot  performed  for  the  C.W.8.  School  by  Battery  "C"  Sth 
eld  Artillery  on  May  18,  1933. 

REGISTRATION 

ather  clear  wind  from  3.W.  Initial  data  corrected  for  drift 
ly.  Regi  strati  on  point  140  yds  East  of  East  side  of  impact  area 
d  at*  if  eater-  ranee.  First  round  4:10  P.lt. 
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K-fort  Hoyle,  Maryland, 


CCEfcfob 


July  12,  1933. 


MAMO  :  To  Captain  C.x.  Loucks,  C.W.8. 


The  following  record  of  the  Mustard  Gas  Shoot  performed 
by  this  battery  on  July  6,  1933. 

REGISTRATION 

Weather  clear,  gentle  wind  from  the  West.  Initial  data 
corrected  for  drift  only.  " 
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BATTERY  "0"  SIXTH  FIELD  ARTILLERY,  CCB-FOB 

Fort  Hoyle,  Maryland, 

August  14,  1933. 

aptain  C.E.  Loucks,  C.^'.S. 

following  record  of  the  Mustard  Gas  shoot  performed  by 
•y  on  August  11,  1933. 
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5ATTKKY  “a"  oIXTh  HALL  ARTILLSHY 
Fort  Hoyle,  dryland. 


September  2  5,  1933. 

Report  on  lbb  mm  Shoot,  September  19,  1933. 

Lieut.  Colonel  J.W.  Lyon,  Edgewood  Arsenal,  Maryland. 


v.\ 

>  ^ 

'y 


Herewith  is  report  of  156  Lm  Howitser,  Mustard  Ges  Shoot, 
this  Battery  at  4:00  P.M.  September  19,  1933. 

Clear  to  pertly  cloudy. 

Winn,  moderate  westerly. 

Temperature  65  degrees  -  70  degrees. 

Time  of  adjustment:  4:00  P.M. 

Time  of  fire  for  effect:  4:50  P.M. 

Number  of  rounds  for  adjustment  -  22. 


Number  of  rounds  for 

effect  - 

28. 

ADJUSTMENT 

CCfelAWDS 

ERJsV. 

#  rlf  RD:  RANGE  :  DEFL. 

pkmapk  : 

Compass,  3211  : 

•  • 

•  • 

• 

• 

Cn  #1  close  4 

•  • 

a  • 

• 

• 

Shell  M.G.  Ch.5.FL 

:  : 

: 

#1,  1  Bd  ^uad. 

300 

1  :  plus  :  7 

dud  : 

295 

2  :minus  •  minus 

• 

• 

Left  5 

298 

3  :  7  :  7 

dud  : 

298 

4  :minus  ;  plus 

e 

Bight  3 

300 

5  :minus  :  minus 

s 

• 

Left  2 

302 

6  :minus  :  7 

• 

• 

303 

7  :  plus  ;  minus 

e 

s 

Left  1  3  Pda. 

302.5 

8  :Uinus  ;  Minus 

• 

a 

9  :  minus  ;  plus 

Def  .Corr 

10  :  plus  :  minus 

s 

a 

S  1  record  Base  Deflection. 

^  2  adjust. 

•  a 

e  • 

• 

• 

#  2,  1  Rd 

302.6 

11  :  plus  :  plus 

e 

• 

Right  6 

300 

12  :minus  :  7 

Pi rochet 

301 

13  1  minus  :  7 

e 

• 

302 

14  tminus  :  7 

e 

• 

-fc. 

u 


302.6  : 

15 

:  plus 

:  minus 

Left  2,  £  2  record  Base  Deflection. 

# 3,  adjust. 

• 

• 

#3,  1  Rd 

302.6  : 

16 

minus 

:  plus 

Right  2 

302.6  : 

17 

:  plus 

:  plus 

Right  2 

302  : 

18 

:  cor  reo  tcor  rect 

^3  recora  Base  Lef  lection. 


A 


•.  1  - 


*  adjust  t 


#4,'  l  Bd 

t  302.6  : 

19 

i  plus 

:  plus 

hignt  6 

:  302  : 

20 

:  plus 

i  FI  us 

Light  S 

:  300 

21 

:kinus 

{  plus 

Mght  2 

:  301  : 

22 

:  Hi  nus 

:  minus 

record  Baas  Deflection* 

Adjusted  elevation  -  302.3 

Cn»ok  adjusted  range  _  6781  a  1>1Q1 
Cneok,  t»p  range  “  6BB0 

Kfc  i  JJCT 

Initial  r«  age  -  6430  (target  map  r*  nr,e)  x  1. 101  (|)  -  0078  yds . 
Initial  elevation  -  Quadrant  316.4. 

Battery  adjust 

b'se  deflection,  Left  40 

On  ^1  open  6 

iji.ell,  tuistaru  Gas,  Charge  5,  tuse  Long 
Battery  7  rounds  (28  rounds) 

Quadrant  316.4 


F.C.  EOLSPOOK, 

1st  Lieut.,  5tb  F.  A., 
Conx*  nding. 


PATTERN  SCALE  (155 -am.  Shell,  HS) 
HEAVY 


P>'  TSRN  SC1LK  (156 Han.  Shell,  HS) 
LIGHT 


2*  A  test  be  conducted  using  HS-filled  156-am. 
howitier  shell  moating  present  standard  specifications  for  the 
purpose  of  comparing  the  oasualty-produoing  effects  with  those 
obtained  in  the  tests  covered  by  this  report* 
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